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ABSTRACT 
  
Stormwater runoff is a known pollutant source capable of causing surface water 
degradation, especially in highly populated areas such as Central Florida.  Wet detention ponds 
manage this stormwater, but most of the ponds do not remove enough nutrients, specifically 
nitrogen and phosphorus, to meet TMDL regulations.  This research provides a possible addition 
to a detention pond in Seminole County, Florida using a Chamber Upflow Filter and Skimmer 
(CUFS), which can increase the removal of phosphorus and nitrogen by the system. 
 Water enters the system through the skimmer, which floats on the surface of the detention 
pond.  It travels from the skimmer to the bottom of the chamber, where heavier particles settle 
out before entering the upflow filter.  The upflow filter contains twenty-four inches of Black and 
GoldTM media to remove nitrogen and phosphorus under anoxic conditions.  Water flows up 
through the filter and out of the system, and eventually travels to Lake Jesup, a eutrophic lake. 
A total of twenty-eight storm events and seven baseflows were sampled from the site in 
Seminole County, and ten storm events were sampled from a pilot study CUFS.  The results of 
this research show significant reductions by the Seminole County CUFS in turbidity, ortho-
phosphorus, total phosphorus, and total suspended solids when the means were compared at a 
95% confidence interval.  Reductions also occurred for total nitrogen, but could not be proved by 
the mean comparison.  The pilot scale application of the CUFS significantly reduced total 
nitrogen at a 95% confidence interval. 
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CHAPTER ONE: INTRODUCTION 
Introduction 
 Stormwater runoff has become an increasing concern for urban areas due to the pollution 
it contributes to receiving surface water bodies.  The classification of “surface water” includes all 
water open to the atmosphere, such as rivers, lakes, and reservoirs (USEPA, 2008).  The 
degradation of water quality due to stormwater runoff may be a critical health issue, as these 
waters supply drinking water to surrounding communities.  Surface waters also provide 
recreational activities and food for human consumption due to the diversity of plants and animals 
within the water. 
To understand what factors influence stormwater runoff, a water budget should be 
analyzed.  A water budget shows how much water is contained in all possible locations, 
represented as a mass balance (Wanielista et al., 1997).  Precipitation transfers water from the 
atmosphere to the ground, where it can infiltrate, transpire from plants, evaporate from water 
surfaces, runoff, or go into storage.  The three largest categories of the water budget include 
runoff, storage, and infiltration.  Runoff occurs when precipitation falls on an area too quickly 
for infiltration or storage, or when it falls on a surface that restricts infiltration and storage.  This 
runoff water mixes with pollutants as it travels over land, carrying them to its final destination.  
Nutrients, sediments, and metals, all capable of mixing with stormwater runoff, are among the 
leading causes of impairment in the rivers, lakes, and estuaries assessed by the Environmental 
Protection Agency’s 2002 National Water Quality Inventory Report (USEPA, 2007).  Some of 
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the contributing factors to runoff pollution include vehicles and impervious roadways, as well as 
residential housing and commercial buildings. 
 Although growing cities and continuous development create more impervious surfaces, 
the stormwater runoff can be managed with a reduction in pollution.  Stormwater detention 
ponds minimize pollution effects of stormwater runoff on a receiving water body.  Considered as 
one of the most efficient Best Management Practices (BMPs), a wet detention pond removes 
contaminants through physical, biological, and chemical processes (USEPA, 1999).  Physically, 
particulates, organic matter, and metals settle out of the stormwater and into the pond, allowing 
cleaner water to discharge from the pond.  Biological processes use dissolved nutrients as food, 
eliminating them from the runoff (USEPA, 1999).  Chemical reactions occur between some 
pollutants and the pond’s soil, resulting in adsorption of the particles to the soil.  However, the 
pond only removes a certain percentage of a contaminant, and the discharged pollution, although 
significantly less than in stormwater runoff, may still damage a fragile receiving water body.  For 
example, the target concentrations for total phosphorus and total nitrogen in Lake Jesup are 
0.044 and 0.61mg/L, respectively (Gao, 2005). 
Objectives 
One option to increase the pollutant removal efficiency of a detention pond is to install a 
Chamber Upflow Filter and Skimmer (CUFS).  This research aims to evaluate the performance 
of the CUFS in terms of water quality, water quantity, and overall operation and maintenance.  
Specifically, the objectives include providing data to 
• estimate the head loss through an upflow filter with a chosen media mix 
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• test the applicability of a surface skimmer 
• assess nitrogen and phosphorus concentrations leaving a detention pond using a CUFS 
setup with Black and GoldTM pollution control media. 
Limitations 
The results of this research are limited to the Central Florida climate, and a well 
functioning detention pond designed to the current standards.  The pond does produce significant 
phosphorus removal efficiencies.  Also, the media used for pollutant removal is limited to one 
media mix. 
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CHAPTER TWO: STORMWATER BACKGROUND INFORMATION 
Problem Definition 
The major pollutants of concern for the CUFS research include nitrogen and phosphorus, 
both classified as nutrients.  Microorganisms, plants, and animals require both nitrogen and 
phosphorus to survive.  Although these biological species require other elements, nitrogen and 
phosphorus are considered the limiting nutrients for primary production (Allen and Kramer, 
1972).  Fertilizers encourage healthy plant growth by adding these nutrients to the soil when 
applied at the correct mixture and time of year.  However, stormwater runoff mixes with 
nutrients in the fertilizer and transports them into a nearby surface water body.  Here, certain 
aquatic plants use nitrogen and phosphorus to produce undesirable results, leading to surface 
water impairment. 
Nitrogen occurs in two forms, organic and inorganic.  A complex mixture of amino acids, 
amino sugars, and proteins make up organic nitrogen, and these compounds can be either soluble 
or particulate (Metcalf and Eddy, 2003).  Some inorganic forms of nitrogen common in 
stormwater include ammonium (NH4+), ammonia (NH3), nitrite (NO2-) and nitrate (NO3-).  
Nitrogen in the forms of ammonia and nitrate are readily available for biological growth.  The 
sum of organic and inorganic nitrogen forms makes up total nitrogen. 
Phosphorus is an essential nutrient required by all living cells and critical for aquatic 
plant growth, especially algae (Allen and Kramer, 1972).  In freshwater systems, phosphorus is 
usually the limiting nutrient.  Orthophosphorus (PO43-) is a free form of phosphorus readily 
available for biological uptake (Wanielista and Yousef, 1993).  Total phosphorus contains the 
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total amount of phosphorus in the water, including orthophosphorus, polyphosphates, and 
organic forms. 
Fertilizers applied to landscape release excess nutrients to the stormwater and eventually 
to the receiving water body.  If large amounts of these nutrients enter the surface water, algal 
blooms and eutrophication may occur.  If phosphorus is the limiting nutrient for a surface water 
body, an increase in phosphorus in the water will encourage the algal growth to a point where it 
will overpopulate and cover the water’s surface.  This algae bloom prevents sunlight from 
penetrating down to the underwater plants in the system.  When the algae die because of 
overpopulation or lack of enough phosphorus to support the population, they sink to the bottom 
of the water column where anaerobic bacteria consume the algae and dissolved oxygen.  This 
depletes the oxygen in the water, killing the living fish and other oxygen-dependent organisms. 
Alkalinity is the capacity of a water to neutralize acids, or resist changes in pH.  This acts 
as a buffering system in natural waters, allowing the addition of large amounts of acidic water 
(i.e. rainfall) while only changing the pH of the water slightly, until the alkalinity is depleted 
(Benefield et al., 1982).  The carbonic acid system controls the alkalinity in most natural waters.  
More alkalinity in surface water translates to a more stable water in terms of pH for biological 
species to survive. 
Turbidity in a sample causes light to be scattered and absorbed rather than transmitted 
through the sample.  Turbidity is caused by suspended and colloidal matter (i.e. clay, silt, organic 
matter, etc.) that can collect in stormwater runoff (Standard Methods, 1995).  Total suspended 
solids are the solids in a sample retained on a glass fiber filter after filtration, while the dissolved 
solids pass through the filter.  Stormwater runoff can dissolve solids that occur in organic or 
 6
inorganic forms, ranging from sodium, calcium, phosphates, and nitrates to pesticides from 
agricultural runoff.  Due to the nature of these solids, detention ponds typically do not remove 
dissolved solids via sedimentation.  Stormwater runoff can also transport larger particles, such as 
soil and plant material, which are classified as suspended solids.  High total suspended solids 
concentrations cause problems in surface water because they prevent light from reaching below 
the water surface, resulting in little or no aquatic plant growth and less dissolved oxygen.  
Detention ponds typically remove high percentages of total suspended solids via sedimentation 
due to the larger size and weight of the particles. 
Review of Literature 
 Wet detention ponds, also referred to as wet ponds or stormwater ponds, are the most 
frequently used water quality and quantity treatment option for stormwater runoff.  A wet 
detention pond (hereinafter called simply “detention pond”) receives a large volume of water 
over a short period of time and releases that water over a long period of time.  The St. Johns 
River Water Management District defines a wet detention system as, “The collection and 
temporary storage of stormwater in a permanently wet impoundment in such a manner as to 
provide for treatment through physical, chemical, and biological processes with subsequent 
gradual release of the stormwater” (SJRWMD, 2006).  Local and state governments set 
regulations on required dimensions and features of newly constructed detention ponds.  Some 
typical dimension regulations for Central Florida include the following: side slopes of at least 6:1 
to provide a littoral zone (to encourage rooted aquatic plant growth), length to width ratio of 2:1 
to increase settling, and an average hydraulic residence time (length of time that the runoff stays 
in the pond) of 14 days from June through October (SJRWMD, 2006). 
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 Detention ponds vary in regards to pollutant removal efficiency due to location and 
loading from influent stormwater runoff.  Environmental factors such as temperature of the 
detention pond may affect the biological uptake of pollutants (USEPA, 1999).  Kantrowitz and 
Woodham (1995) studied a detention pond in Pinellas County, Florida to investigate the removal 
efficiency of certain pollutants.  The reported removal efficiencies for nitrate/nitrite, organic 
nitrogen, phosphorus, ortho-phosphate, and total suspended solids are 23%, 2%, 40%, 52%, and 
7%, respectively.  They attribute the variable removal efficiencies of nitrogen species to the 
complex chemistry of nitrogen and its occurrence in various oxidation states.  They suggest that 
the detention pond reduced phosphorus and ortho-phosphate loads via chemical precipitation, 
dilution, and biological uptake (Kantrowitz and Woodham, 1995).  Harper (2006) shows 
comparative removal efficiencies for total phosphorus and total nitrogen by wet detention ponds 
and indicates removals of nearly 65% and 30% for total phosphorus and total nitrogen, 
respectively (Harper, 2006).  Other selected research studies compiled by Harper and Baker 
(2007) show detention pond removal efficiencies of total nitrogen, ortho-phosphorus, total 
phosphorus, and total suspended solids of 37%, 79%, 69%, and 77%, respectively. 
The nutrient loading into a receiving surface water body depends on the removal 
efficiency of a detention pond.  State and local governments set regulations on nutrient loading 
discharged into surface waters of concern, but the establishment of these loadings and target 
concentrations that cause no damage to the surface water is difficult.  The Department of 
Environmental Protection defines a total maximum daily load (TMDL) as “the maximum amount 
of a given pollutant that a water body can assimilate and still meet water quality standards, 
including its applicable water quality criteria and its designated uses” (Gao, 2005a).  In a TMDL 
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report proposed by the Florida Department of Environmental Protection, Gao (2005b) compares 
target nutrient concentrations from studies performed by the St. Johns River Water Management 
District (SJRWMD) to those concentrations predicted by models from the Florida Department of 
Environmental Protection (FDEP) for Lake Jesup in Florida.  The SJRWMD examined several 
approaches to find a target nutrient concentration for Lake Jesup, which ranged from 0.04 to 
0.076 mg/L for total phosphorus and 0.61 to 2.4 mg/L for total nitrogen.  Gao (2005b) suggests 
taking an average of the total phosphorus concentrations above 0.70 mg/L and the total nitrogen 
concentrations above 1.0 mg/L, which results in a target total phosphorus concentration of 0.073 
mg/L and total nitrogen concentration of 1.30 mg/L.  The FDEP then performed an analysis 
using watershed and water quality models and found that the target concentrations should be 
adjusted to 0.094 mg/L and 1.32 mg/L for total phosphorus and total nitrogen, respectively (Gao, 
2005b).  Water clarity was also used to develop standard concentrations for Lake Jesup.  The 
SJRWMD found concentrations of total nitrogen and total phosphorus that provide sufficient 
water clarity for growth of submerged aquatic vegetation (SAV) over 25% of Lake Jesup.  SAV 
growth should enhance fisheries and provide wildlife habitat, as well as reduce the resuspension 
of flocculent organic sediments.  The total nitrogen and total phosphorus target concentrations 
that allow the 25% SAV criteria are 0.61 mg/L and 0.044 mg/L, respectively (Gao, 2005b).  
These concentrations will be used as the standards for Lake Jesup in regards to the CUFS 
research project. 
The TMDL report for Lake Jesup shows a current annual load entering the lake of 
559,500 kg/year of total nitrogen and 36,000 kg/year of total phosphorus. Surface runoff 
accounts for 42% and 48% of the total nitrogen and total phosphorus loadings into the lake, 
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respectively.  The results from the studies performed by the FDEP show the loading into Lake 
Jesup should be reduced to target loads of 252,600 kg/year and 21,400 kg/year of total nitrogen 
and total phosphorus, respectively.  To meet the TMDL standards, the loading into the lake 
should decrease 52% for total nitrogen and 37% for total phosphorus (Gao, 2005c).  Since no 
point sources discharge into the lake, these goals must result mainly from reduced nutrient 
concentrations in stormwater runoff. 
Contaminated stormwater runoff, although treated by a detention pond, may exceed these 
concentrations and cause harm to Lake Jesup.  According to Chapter 62-40 of the Florida 
Administration Code, a stormwater pond shall achieve an 80% average annual load reduction of 
pollutants from the influent stormwater. The current law refers to the removal of solids only.  
The data compiled by Harper and Baker (2007a) from previous research studies suggest that 
detention ponds do not achieve this 80% goal for the nutrient pollutants of concern.  The 
averages of the removal efficiencies from these studies show a 37% removal of total nitrogen, 
79% for ortho-phosphorus, and 69% for total phosphorus (Harper and Baker, 2007a). 
Upflow filtration for stormwater treatment is a relatively new idea to remove pollutants 
from contaminated stormwater runoff.  The common method for any type of filtration processes 
utilize traditional down-flow filters, where water enters at the top of the filter and flows by 
gravity through the filter media and out at the bottom.  Granular activated carbon filters, sand 
filters, trickling filters, among others, are used for drinking water or wastewater treatment and 
function in this manner.  While these down-flow filters achieve water treatment, they require 
periodical backwashing to unclog the filters at the end of a run. 
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 Upflow filters have the advantage of longer run times and less maintenance due to the 
design of the filter.  Khambhammettu et al. (2006a) used an upflow filter to treat runoff from 
highly contaminated critical source areas (large paved areas, heavy equipment storage lots, etc.) 
before it mixed with runoff from less contaminated areas.  Upflow filtration was the chosen 
treatment option for the work due to the fast clogging of traditional downflow filters, reducing 
the flow rate potential and treatment capacity.  Clogging of the filter requires more maintenance 
or pretreatment of the stormwater runoff for solids removal (Khambhammettu et al., 2006a).  
Khambhammettu et al. (2006a) pointed out that the upflow filter requires less maintenance than 
traditional filtration because heavier particles settle into the sump below the filter, which reduces 
filter clogging.  They studied a field application of the upflow filter inserted into a catch basin 
that achieved reductions of 70% for suspended solids, 65% for turbidity, and 18% for 
phosphorus (Khambhammettu et al., 2006a).  Khambhammettu et al. (2006c) also looked at flow 
rates through the upflow filter for different media types under test conditions and reported 
maximum flow rates of about 30 gallons per minute for a filter area of 1.5 ft2. 
Khambhammettu et al. (2006b) states that upflow filters remove pollutants via multiple 
treatment processes.  The Upflow Filter TM removes pollutants via sedimentation, gross solids 
and floatables screening, moderate to fine solids capture, and sorption/ion exchange of targeted 
pollutants Khambhammettu et al. (2006b).  Khambhammettu et al. (2006b) also suggests that 
using a sedimentation and sorption/ion exchange treatment train can reduce the stormwater 
effluent concentrations of particulate solids to a range of less than 5 mg/l to 10 mg/L and 
phosphorus to a range of 0.02 mg/L to 0.1 mg/L. 
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 Clark (2001) investigated the effect of anaerobic conditions on the pollutant retention of 
filtration media.  Since only the top of an upflow filter is exposed to air between storms, 
anaerobic conditions are highly likely.  Clark (2001) examined four media types (sand, activated 
carbon, peat moss, and compost) and found that carbon, peat, and sand retained phosphorus 
during anaerobic conditions, but pollution retention was equal to or greater under aerobic 
exposure conditions than under anaerobic exposure conditions for ammonia, nitrate, and total 
nitrogen.  Clark (2001) suggests that upflow filtration with these types of media may not be a 
suitable stormwater treatment option for locations where nutrient reduction is necessary. 
 The previous studies performed on upflow filtration collect water directly from 
stormwater runoff inside a catch basin.  In these studies, the inlet grate on the catch basin 
removes large debris from the stormwater.  However, an upflow filter for a detention pond 
requires a different form of large debris removal.  This concept uses a floating surface skimmer 
to prevent large debris from entering the upflow filter.  The surface skimmer, manufactured by 
J.W. Faircloth & Son, was originally intended to drain sediment basins and regulate outflow 
slowly at a constant rate to maximize settling within the basin.  The skimmer floats at the water 
surface, so it drains the water at the top of the basin first, allowing settling to occur in the water 
column below the skimmer (Faircloth, 2005). 
 Two companies, Hydro International and USI, currently market upflow filters for runoff 
treatment in stormwater inlets.  Of all the literature reviewed, there is currently no research or 
manufacturers that use an upflow filter fed by a detention pond and surface skimmer to treat 
stormwater runoff.  Furthermore, the upflow filter in this research uses the Black and GoldTM 
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media investigated by Hardin (2005) to remove phosphorus from irrigation water in green roof 
chambers. 
Site Location 
The wet detention pond used for this research is located in the Lake Jesup Watershed in 
Central Florida and discharges to Howell Creek that flows into Lake Jesup (Figure 1).  Lake 
Jesup is located within the Middle St. Johns River Basin (Gao, 2005).  Its watershed extends into 
Seminole and Orange counties and covers more than 87,000 acres, and the lake itself has a 
surface area of about 10,660 acres (Gao, 2005).  The lake connects to the St. Johns River 
southeast of Sanford, and the water flows North, eventually to Jacksonville and into the Atlantic 
Ocean.  Lake Jesup, much like the surrounding lakes and the St. Johns River, is a popular lake 
for outdoor activities such as fishing, swimming, and boating. 
 Prior to the 1960’s, Lake Jesup attracted thousands of anglers and recreational boaters 
each year (SJRWMD, 2008) to take advantage of the great fishery and natural beauty of the 
ecosystem.  Many types of wildlife thrived in the lake and surrounding habitat, such as manatees, 
bald eagles, and wood storks (SJRWMD, 2008).  However, activities of a growing population 
began to take place that would reduce this magnificent ecosystem into a polluted body of water.  
An increase in population resulted in an increase in wastewater production and stormwater 
runoff, both of which were dumped into the lake and surrounding water bodies.  A constructed 
causeway reduced the connection of Lake Jesup to the St. Johns River, and berms separated the 
lake from parts of its floodplain.  These activities resulted in a thick layer of muck, more than     
9 ½ feet deep in some places, at the bottom of the Lake (SJRWMD, 2008).  By 1983, no 
wastewater facilities discharged effluent into the lake as a result of actions taken by the St. Johns 
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River Water Management District, Florida Department of Environmental Protection, and local 
governments (SJRWMD, 2008). 
 
 
Figure 1: Pond Outflow into Howell Creek and Lake Jesup 
However, decades of discharges, including stormwater runoff, have taken a toll on the 
Lake.  Lake Jesup has been identified as one of the most hypereutrophic lakes in Central Florida, 
as displayed by often fish kills and pea-green colored water (FDEP, 1997).  The Middle St. Johns 
River Basin, including Lake Jesup, was named a Surface Water Improvement and Management 
(SWIM) priority water body.  The Florida Legislature developed the SWIM program in 1987 to 
identify polluted water bodies (FDEP, 2007).  More recently, Lake Jesup was defined as an 
impaired water body for nutrients using the Identification of Impaired Surface Waters Rule (IWR) 
from assessments performed between January 1, 1996 and June 30, 2003 (Gao, 2005).  Section 
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303 (d) of the Clean Water Act requires states to identify impaired water bodies (those that do 
not meet applicable water quality standards) and establish Total Maximum Daily Loads (TMDLs) 
for those water bodies (FDEP, 2008).  The TMDL for nutrients and unionized ammonia for Lake 
Jesup was prepared in 2005. 
Several small waterbodies feed into the south end of Lake Jesup, including Howell Creek, 
Gee Creek, Sweetwater Creek and Soldier Creek.  These creeks receive rain and stormwater 
runoff from cities in the watershed, some of which include Winter Springs, Longwood, and 
Oviedo.  The Florida Department of Environmental Protection divided the watershed into the 
following five sub-basins: Gee Creek, Howell Creek, Lake Jesup, Little Lake Howell, and 
Soldier Creek (Gao, 2005). 
Pond Characteristics 
The site for the upflow filtration project is located in Seminole County, Florida.  The 
CUFS receives water from Red Bug Stormwater Pond B (which will be referred to as Red Bug 
Pond), which is located on the south side of Red Bug Road, east of the intersection of Red Bug 
Road and Tuskawilla Road, as shown in Figure 2. 
This stormwater pond is contained within the Howell Creek sub-basin of Lake Jesup.  
Howell Creek, the primary waterway in the basin, originates from Lake Maitland in Orange 
County and ends at Lake Jesup in Seminole County.  It flows in a northeasterly direction and 
connects with Bear Gully Canal near S.R. 419 (“Final Engineering Report”, 1990).  The Howell 
Creek sub-basin encompasses many highly urbanized areas and accounts for 35% of the total 
surface runoff in the Lake Jesup watershed. 
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Figure 2: Location of Red Bug Stormwater Pond B in Seminole County 
 
In terms of water quality, the Howell Creek sub-basin contributes 34% of the annual total 
nitrogen loading and 36% of the annual total phosphorus loading into Lake Jesup from data 
collected by the FDEP from 1995 to 2002 (Gao, 2005).  These values show significant 
importance because the Red Bug Pond discharges directly into Howell Creek. 
 This pond was constructed in 1990 as an improvement to stormwater control systems for 
the Lake Jesup Watershed in Seminole County.  Before construction of the pond, stormwater 
runoff, created by Red Bug Lake Road and the Sunrise Unit One development, traveled through 
roadside ditches and culverts into Howell Creek.  The Sunrise Unit One residential development 
contributed to the runoff via a small storm sewer system that discharged directly into the ditches 
along Red Bug Lake Road and Rising Sun Boulevard.  This system provided no treatment to the 
runoff before entering Howell Creek.  The stormwater pond (Red Bug Pond B) was constructed 
to enhance the water quality of the stormwater runoff created by the widening of Red Bug Lake 
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Road and the surrounding residential developments, including Sunrise Unit One.  Prior to 
construction, the 46.89 acres of drainage area consisted of the following:  4.28 acres of roadway 
and miscellaneous impervious areas, 7.56 acres of open spaced grassed areas, 3.9 acres of mixed 
brush and woods, and 31.15 acres of residential development.  Following construction in 1990, 
the cover description changed to 9.02 acres of impervious surfaces, 6.72 acres of open spaced 
grassed areas, and 31.15 acres of residential development (“Drainage Report/Calculations”, 
1990).  The drainage area for Red Bug Pond B is shown below in Figure 3.  The Soil 
Conservation Service (SCS) Soil Survey of Seminole County determined the soils in the 
drainage area as type “D” and type “C”.  These soils consist of poor hydraulic conductivity with 
poor drainage, resulting in moderately high runoff potential (Wanielista et al., 1997). 
 
 
Figure 3: Red Bug Pond B Drainage Area 
 
Red Bug Pond B treats stormwater runoff from the following sources:  offsite drainage 
from the Sunrise Unit One Development, the portions of Red Bug Lake Road included within the 
drainage area, and 2.51 acres of adjacent development not accounted for in the corresponding 
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stormwater pond.  A circular orifice and inlet grate control the design high water elevation and 
peak discharge rate (“Drainage Report/Calculations”, 1990). 
Pond Details 
Red Bug Pond B adheres to the design regulations set by St. Johns River Water 
Management District and Seminole County for wet detention ponds at the time of construction in 
1990.  These regulations require the pond to store the first one inch of runoff over the entire 
basin or 2.5 inches of rainfall times the impervious area, whichever is greater.  The pond cannot 
discharge more than half of the pollution abatement volume within the first sixty hours following 
a storm event, and the permanent pool volume must provide a minimum residence time of 14 
days.  In addition, the post-development rate of discharge cannot exceed the pre-development 
rate for a 25-year frequency, 24-hour duration storm event (“Drainage Report/Calculations”, 
1990).  Specific details on the pond geometry and performance are shown below in Table 1.  The 
methodologies shown in SCS Technical Release 55: Urban Hydrology for Small Watersheds 
were used to determine the pre- and post-development curve number (CN) and pre-development 
time of concentration (Tc). 
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Table 1: Red Bug Pond B details (“Drainage Report/Calculations”, 1990) 
Pond Category (Units) Value
Rainfall distribution used for calculations SCS FL Type II Modified
Drainage area (ac) 46.89
Pre-development Curve Number (CN) 81
Post-development Curve Number (CN) 84
Allowable Discharge (cfs) 159.02
Proposed Discharge (cfs) 131.5
Pre-dev. Time of Concentration (hr) 0.73
Normal Water Surface Elevation (ft) 38.4
25 yr, 24 hr peak pond elevation (ft) 42.52
Tailwater condition (ft) 40.46
Littoral zone slope (H:V) 6:1
Pond area at N.W.S.E. (ac) 2.24
Length to Width Dimensions (ft:ft) 629:155
Permanent Pool Volume (ac-ft) 12.0
Max. depth at N.W.S.E. (ft) 9.0
Average Depth (ft) 5.4  
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CHAPTER THREE: APPROACH AND EXPERIMENTAL DESIGN 
Approach 
The problem of pollution contained in stormwater runoff and the effects of runoff on 
downstream receiving water bodies was presented in the previous chapters.  Another concept is 
the importance of nitrogen and phosphorus for biological growth, because it is a major problem 
in surface water impairment.  From the literature review, the application of an upflow filter 
appears to be a viable treatment option to reduce the nutrient loadings from a detention pond 
effluent.  The studies performed on upflow filtration mentioned in the previous chapter indicate 
acceptable nutrient removals and minimal maintenance.  These studies make the application of 
the CUFS a viable option to reduce nutrients discharged from a detention pond. 
The setup of the CUFS consists of a floating pond skimmer connected by a pipe to the 
bottom of a precast concrete chamber.  The chamber houses the filtering media which serves as 
the main nutrient removal mechanism in the setup.  The concrete has a thickness of 6 inches on 
all sides which prevents the structure from collapsing during construction activities and normal 
underground forces.  The floating pond skimmer is the inlet that directs water from the surface of 
the pond through the filter.  The inlet at the surface allows heavier particles to settle in the pond, 
and the water has fewer particles that will travel to the filter.  The skimmer also prevents floating 
trash (soda bottles, plastic bags, etc) from entering the inlet pipe and clogging the filter 
The skimmer helps provide the power required to push the pond water through the 
filtering media and out to the pond effluent.  This happens as a result of the difference in water 
elevations between the pond and upflow filter.  At a time when no inflow to the pond is 
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encountered (no stormwater runoff), the water level in the stormwater pond will equal that of the 
upflow filter (the actual water surface elevation in the filter will be lower than that of the pond 
due to the head loss of the filtering media).  Since the skimmer floats at the water surface of the 
pond, the skimmer inlet elevation will equal that of the water elevation in the upflow filter, and 
the Black and GoldTM media will not treat any water.  When water enters the pond (during and 
after a storm event), the pond water surface elevation rises, along with the floating skimmer.  
The rise in the skimmer provides a difference in water surface elevation between the pond and 
the surface of the upflow filter because the outlet pipe in the filter prevents the water surface 
from rising to the elevation of that of the pond.  The elevation head differential supplies the 
power required to push the pond water through the upflow filter and out, to the pond effluent 
pipe.  Flow through the filter occurs until the pond water surface elevation decreases to an 
elevation higher than the bottom of the filter outlet pipe (equal to the head loss of the filter).  
With the head loss accounted for, the filter will begin and stop discharging water when the pond 
begins or stops discharging water. 
Bench Study 
For flow conditions, the upflow filter must pass a certain amount of water to be 
applicable in the field.  An ordinary filtration velocity range between 2 to 5 gpm/ft2 (Cleasby and 
Logsdon, 1999) is considered for the design of the filter.  Because the water is flowing through 
filtering media, it will experience a certain amount of head loss during these conditions.  Since 
the upflow filter works due to differences in water elevations, the head loss of the filter must be 
determined before installation of the structure.  Determination of the head loss allows the 
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elevation of the filter outlet pipe to be set lower than the pond outlet pipe to account for the head 
loss.  The minor losses due to friction and fittings are assumed to be negligible. 
The head loss of twenty-four inches of Black and GoldTM pollution control media is 
determined in the laboratory through the use of clear HDPE pipe in the shape of a “U”, as shown 
in Figure 4.  The procedures for the experiment are located in Appendix A.  Examined are 
different flow rates of water, which enters and flows down one side of the “U”.  It travels across 
the bottom and up through the filter media, which is located on the other side.  Permeable plastic 
rings and black fabric mat enclose the filter media inside the clear pipe to hold the media in place 
during flow conditions (as it will in the actual application).  The difference in water levels during 
this experiment show the amount of head loss encountered through the filter media.  Also, the 
amount of outflow from the filter compared to the inflow rate shows the flow differences at a 
specified head loss.  This provides an estimate of the head loss where the inflow would equal the 
outflow. 
Water is added to the device at desired surface loading rates (SLR), or filtering velocities, 
of 1, 2, 3, 4, and 5 gpm/ft2.  The head losses produced at these velocities are shown below in 
Figure 5.  The head loss for 5 gpm/ft2 resulted in a value larger than the maximum for this 
experiment (7 inches).  To get a full range of values, the head loss was determined for 18 inches 
of Black and GoldTM pollution control media.  This head loss was then multiplied by 4/3 (or 24 
in / 18 in), to scale up the value for 5 gpm/ft2 for 24 inches of media.  With the scale-up, the 
maximum head loss for 24 inches of Black and GoldTM pollution control media is 8.8 inches.  
Therefore, the bench study concludes that a head loss of nine inches would allow a surface 
loading rate between the desired range of 1-5 gpm/ft2. 
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Figure 4: Bench Scale Setup for Head Loss Determination (N.T.S.) 
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Figure 5: Results from Bench Study head loss experiment 
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Pilot Study 
 Another experiment confirmed the functionality of the upflow filter on a larger scale than 
the bench study but a smaller scale than the actual field application.  This study required the 
development of procedures for installing a CUFS, from the original surveying to the final 
installation.  It also incorporated the floating pond skimmer to provide a flow through the bottom 
of the filter. 
 The pilot study filter is located on a small pond on the south side of campus at the 
University of Central Florida (UCF).  This pond, part of the UCF Arboretum, simply slows down 
runoff water upstream of a wetland, and the dimensions do not conform to typical design 
standards.  The pond has dimensions of 100’ by 40’ during normal flows, with a rectangular weir 
outlet and average depth of 3 feet.  The stormwater collection system for the university consists 
of typical grates, curb and gutters, and underground concrete pipes.  This system drains more 
than 20% of the campus through the Arboretum pond during a storm event.  Downstream of the 
weir, the water travels underneath Gemini Boulevard into a wetland on campus.  From there, the 
water flows into Bonneville Creek and into the St. Johns River. 
The Arboretum chamber structure consists of a DOT Type C inlet, which measures 2’ X 
3’ of surface area.  The inlet holds two feet of Black and GoldTM pollution control media inside 
(more detail on the setup of the filter is covered under the Field Application section).  The CUFS 
was installed adjacent to the rectangular weir outflow on the southern end of the pond.  The 
skimmer connects to the piping into the bottom of the chamber, and the filter effluent flows into 
the pond effluent downstream of the weir, as shown in Figure 6.  This network allows the CUFS 
to function in parallel with the pond effluent structure to directly compare the water quantity and 
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quality data for storm events.  A detailed diagram of the pilot scale CUFS is shown in    
Appendix B. 
 
Figure 6: Plan view of the Arboretum pond at UCF (N.T.S.) 
 
 
Full Scale Field Application 
The first field application of the CUFS occurred on site at Red Bug Stormwater Pond B, 
located off of Red Bug Road in Seminole County.  Out of the numerous possible wet detention 
facilities in the Central Florida area, this site provided some advantages, such as: 
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1. The banks of the pond were large enough to allow easy access for machinery and 
materials to work in the construction of the CUFS. 
2. The drainage area contained a mixed land use of impervious areas, some grassed areas, 
and residential development typical of a common stormwater pond in Central Florida. 
3. The pond is a fully functional wet detention facility with year-round water. 
4. The pond is significantly larger than the experiment conducted in the pilot study. 
5. The pond has a reasonable design, with the inlet far enough away from the outlet. 
6. It has close proximity to the research facility (university) for laboratory testing and 
reduced cost of travel. 
7. Seminole County supported the project, so a pond location within the county was 
mandatory. 
The field application wet detention pond drains a significantly larger area than the pilot 
study pond, which requires a scale-up of some dimensions in the design of the upflow filter.  The 
larger stormwater pond requires an increase in the flow discharged through the surface skimmer 
and therefore, an increase in surface area of the upflow filter.  To house the larger filter, a DOT 
Type D inlet was chosen because it contains twelve square feet of surface area.  At the maximum 
possible flow from the four inch skimmer (based on Faircloth (2005)), this size inlet will provide 
a surface loading rate within the acceptable range of 2 to 5 gpm/ft2.  The CUFS is installed in 
parallel with the detention pond outlet, as shown in Figure 7.  Stormwater from the detention 
pond flows down the inlet pipe, up through the filtering media, and out the filter outlet pipe.  The 
outlet from the filter connects to the concrete outlet pipe of the pond, and the filtered water and 
effluent pond water mix and travel to Howell Creek. 
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Figure 7: Plan View of Red Bug Pond B in Seminole County (N.T.S.) 
 
Construction and Installation 
Prior to ordering any materials, the site must be surveyed to determine the necessary 
height of the type D inlet and the depth of the hole required to place the filter at the correct 
elevation.  The results of the survey show the depth below the ground surface at which the filter 
outlet should be placed.  The following surveying procedures are used at the Red Bug Pond B: 
1. Perform a calibration check (peg test) on the surveying equipment to determine the 
possible error. 
2. Assume an elevation of 100 feet for a benchmark.  The concrete overflow weir on the 
existing pond outlet is used as a benchmark. 
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3. Find the elevation of the bottom of the existing pond outlet pipe.  This shows the 
elevation (in relation to the benchmark) where water will begin to exit the pond. 
4. Find the elevation of the ground at the future filter location.  The top of the chamber must 
be set at this elevation when installed. 
 
Now that these elevation relationships are known, the required height of the type D inlet 
can be determined.  From the survey, the bottom of the pond outlet pipe is 2’1” lower than the 
pond overflow weir (pond outlet elevation is 97’11”).  Based on the head loss experiment, 
twenty four inches of Black and GoldTM pollution control media will encounter nine inches of 
head loss at the specified flow.  Therefore, the bottom of the outlet pipe on the filter must be nine 
inches lower than that of the pond outlet pipe, or at an elevation of 97’2”.  A free space of two 
inches is placed between the bottom of the filter outlet and the top of the pollution control layer.  
The pollution control layer is two feet deep, so the bottom of the pollution control layer is at an 
elevation of 95’.  The inlet pipe to the filter (from the skimmer) is 4” PVC, and a 2” space below 
this pipe allows the larger, heavier particles to settle without clogging the filter.  This positions 
the bottom inside of the type D inlet at an elevation of 94’6”.  The type D inlet contains a 6” 
thickness of concrete on all sides, so the bottom outside of the structure should be at an elevation 
of 94’.  The land elevation for the chosen filter location is 102’, so the inside of the filter should 
be 7’ in length, with a total height of 8’ (outside length).  This also concludes that an eight-foot 
deep hole should be dug at the specified location.  Extra space should be allowed for rocks to be 
placed underneath the structure to prevent sinking.  A diagram of the filter is shown in Figure 8, 
which includes the six inches of concrete thickness but not the cleanout pipe. 
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The type D inlet, because of its large size, ships in two pieces, top and bottom.  The main 
step to installing the filter is digging and preparing the hole.  Because of the hole depth and 
proximity to groundwater at the site, the pond was dewatered for three days prior to installation.  
This allowed for less water during the excavation to minimize sloughing of the sides.  Following 
dewatering, the following steps are performed: 
1. Dig a hole with a depth of nine feet, with a width large enough so the sides do not cave in. 
2. Dig a trench from the hole to the pond for the inlet pipe of the filter. 
3. Place one foot of rocks at the bottom of the hole for a base to prevent sinking and shifting 
of the structure. 
4. Position the bottom half of the type D inlet on top of the rock base, making sure the 
structure is level on all sides.  Keep surveying equipment available on site to make sure 
of the depths and elevations.  At this time, check the elevation of the bottom of the 
structure (in relation to the pond overflow weir) and adjust until the elevations conform to 
those in Figure 8.Error! Reference source not found. 
5. Place two strips of tar/rubber connectors in between the bottom and top half of the inlet to 
seal the structure. 
6. Lower the top half of the inlet onto the tar/rubber strips. 
7. Place the 4” PVC inlet pipe into the structure and join with water cement. 
8. Insert a section of pipe into the outlet hole and hold in place until the correct elevation is 
measured.  Secure it with water cement. 
9. Cut a hole in the top half of the existing pond concrete outlet pipe large enough for the 4” 
filter outlet pipe to fit. 
10. Connect the filter outlet pipe to the pond outlet pipe with more water cement. 
11. Assemble and attach the skimmer to the filter inlet pipe. 
12. Install two posts in the pond and loop a rope that connects to the skimmer around the 
posts to prevent the skimmer from bending the inlet pipe during large storm events. 
 
The upflow filter uses two feet of Black and GoldTM media for pollution removal.  This 
media must be positioned six inches above the bottom of the structure to allow room for the 4” 
influent pipe and space for the heavier particles to settle.  The pollution control media has a bulk 
density at maximum water holding capacity of 61.35 lb/ft3 (Penn State Agricultural Analytical 
Services Laboratory, 2006), so the supports must be able to hold this weight.   
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Figure 8: Red Bug Pond upflow filter with example elevations (cleanout pipe not pictured) 
 
 
 Milk crates, cut to the specified height of six inches, support the media and allow heavier 
particles to flow through the gaps in the crates.  The bottoms of the crates have a structure able to 
support more than the greatest weight of the pollution control media and water.  Necessary 
supports above the media and fabric prevent them from shifting up with the water flow.  These 
consist of a structure of galvanized unistrut, cut into dimensions and held in place with tapcon 
screws through the concrete.  A cleanout pipe with a radius of six inches travels through the 
filtering media to the bottom of the structure and allows the hose of a suction pump to reach the 
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bottom of the filter structure.  Two U-shaped notches in the end of the pipe allow space to pump 
out sediment and debris, which would not be possible if the pipe rested flush with the bottom of 
the filter structure.  The pump then removes the heavier particles that settle out in the bottom.  
Assembling the filter device was performed as follows (pictures located in Appendix C): 
 
1. Cut the milk crates to fit inside the 4ft x 3ft inlet structure, with a height of 6 inches each.  
Some crates must be cut in half to piece together inside the structure. 
2. Cut a 4” hole in the side of one crate that will be placed next to the inflow pipe of the 
filter. 
3. Cut a hole large enough to pass a 6” PVC cleanout pipe in the top of another crate that 
will be used in the opposite corner from the inflow pipe. 
4. Secure the crates to each other with zip ties and trim the tag ends. 
5. Place a sheet of fabric over top of the crates, cutting slits in the corners so some of the 
fabric rises up the sides of the structure.  Also cut a hole for the 6” cleanout pipe. 
6. Cut two U-shaped notches in the end of a length of 6” PVC pipe (used as the cleanout 
pipe). 
7. Install the 6” PVC pipe vertically though the hole in the milk crate, with the notches at 
the bottom of the filter structure.  The required length of the pipe depends on the height 
of the filter structure. 
8. Secure the fabric to the wall of the concrete structure and cleanout pipe with epoxy. 
9. Spread and pack 24 cubic feet of Black and GoldTM pollution control media on top of the 
fabric layer. 
10. Place another fabric layer on top of the media, again leaving enough extra fabric to wrap 
up the sides of the structure.  Cut a hole for the cleanout pipe and attach with epoxy. 
11. Add a hose clamp around the cleanout pipe over top of the fabric to hold the fabric in 
place. 
12. Install the lengths of galvanized unistrut around the sides of the structure, over the black 
fabric mat, with tapcon screws.  This will prevent the sides of the fabric mat from lifting 
up with a flow of water. 
13. Attach to each concrete side two U-shaped pieces of galvanized unistrut over top of the 
fabric to prevent the center of the fabric from lifting up with a flow of water. 
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Water Quality 
For a detention pond that remains aerobic, it can be assumed that ammonia nitrogen in 
the runoff changes forms through nitrification.  The reason for this change lies in the chemical 
equations for nitrification, which are 
 
2NH4+ + 3O2 Î 2NO2- + 4H+ + 2H2O 
2NO2- + O2 Î 2NO3- 
 
Nitrifying bacteria convert ammonium to nitrite and then nitrite to nitrate in the presence 
of oxygen.  Nitrite is relatively unstable and easily oxidized to the nitrate form.  Ammonia-N 
should occur in the ionic form, due to the relatively neutral pH of stormwater.  The pK for the 
ammonia species is 9.25, which represents the pH where 50% of both species are present.  Below 
this pH, the ammonium ion exists in greater proportions, and at levels below pH 7, the 
ammonium ion is predominant (Metcalf and Eddy, 2003).  Nitrification also consumes alkalinity, 
reducing the buffering capacity of the surface water. 
The upflow filter uses Black and GoldTM pollution control media to improve water 
quality in the stormwater runoff.  This mix consists of 45% expanded clay, 45% tire crumb, and 
10% saw dust.  Laboratory tests performed on the Black and GoldTM media (Penn State AASL, 
2006) show the following parameters: 
• Bulk density (dry weight basis) = 34.87 lb/ft3 
• Bulk density (at maximum water holding capacity) = 61.35 lb/ft3 
• Water permeability = 3.8 in/min 
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• Total pore volume = 62.4% 
The CUFS accomplishes nitrogen removal through denitrification.  Because the filter 
media contains water on the top and bottom and is contained within a closed chamber, the media 
is not exposed to air, developing anoxic conditions.  These conditions allow the removal of 
nitrate through denitrification.  In denitrification, nitrate is used as the terminal electron acceptor, 
and reduces ultimately to nitrogen gas, which releases into the atmosphere.  Denitrification also 
increases the alkalinity of the water, providing more buffering to the surface water. 
The tire crumb, expanded clay, and sawdust in the Black and GoldTM media all contribute 
to pollutant removal from the water.  The tire crumb and expanded clay are responsible for 
phosphorus removal via sorption, in which phosphate sorbs onto the media and leaves the water.  
Sawdust is the electron donor under anoxic conditions, allowing nitrate to become the terminal 
electron acceptor for denitrification, therefore reducing the nitrate concentration in the water. 
Laboratory parameters measured in the comparison of the CUFS filtered stormwater to 
the detention pond only stormwater include the following: pH, alkalinity, turbidity, 
orthophosphorus, total phosphorus, nitrate + nitrite (NOx), total nitrogen, total suspended solids, 
total dissolved solids, and dissolved oxygen.  The procedures followed for measuring each 
parameter are located in Appendix D.  The pH of the water allows it to be classified as acidic, 
neutral, or basic and is tested with a pH probe.  Alkalinity shows the buffering capacity of the 
water and is measured using a titration with 0.02 N sulfuric acid to reduce the pH of the sample 
to 4.5.  Turbidity is measured in nephelometric turbidity units (NTU) with a turbidimeter.  Total 
suspended solids include dirt and sediment picked up with the stormwater runoff as it travels 
over land and settle out of the pond water in the space at the bottom of the CUFS.  Total 
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dissolved solids can be removed by the CUFS via sorption with the Black and GoldTM media.  
Dissolved oxygen indicates whether the upflow filter is anoxic and capable of achieving 
denitrification. 
Experimental Design 
The experiment was performed for nine months with water quality samples taken after 
storm events that contribute at least 0.2 inches of rainfall.  During times of no rainfall, baseflows 
from the detention pond were sampled.  The goal of stormwater runoff sampling from the 
detention pond is to measure the highest effluent nutrient concentration.  This means sampling at 
a time when the highest concentration leaves the pond.  The peak outflow from the Red Bug 
Road detention pond occurs 12.5 hours into the storm event for a 25 year, 24 hour storm 
(“Drainage Report/Calculations”, 1990).  The sampling times following a rainfall event vary to 
collect a range of samples for comparison.  Rainfall is documented using an on-site rain gauge 
and a backup U.S. Geological Survey tipping bucket rain gage located 1.5 miles away (USGS). 
To select the correct sized skimmer, a design surface loading rate range of 2 – 5 gpm/ft2 
is used.  The maximum inflow for a 4” skimmer is 18, 267 ft3 in 24 hours, or 0.2114 cfs 
(Faircloth and Son, 2005), which is divided by the inside surface area of the filter, as shown in 
Equation 1.  The calculated SLR value exceeds the ranges tested for the head loss experiment, 
but ranges from 2 to 10 gpm/ft2 are typically used for rapid granular bed filtration (Cleasby and 
Logsdon, 1999). 
The outflow pipe in the upflow filter must also be large enough to handle the inflow.  The 
filter outflow pipe is sized using the orifice equation (Equation 2), solving for H, the head of the 
pipe.  From the calculations, the outflow pipe should be at least 4” in diameter. 
 34
Equation 1: SLR Calculation 
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Equation 2: Orifice Size Calculation 
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For sampling, this experiment compares the detention pond outflow to the CUFS outflow.  
Since the CUFS is installed in parallel with the detention pond, the two concentrations are 
directly compared.  A lid on top of the chamber of the CUFS allows access to the top of the filter 
when opened.  Water samples are taken from the CUFS with a water bottle attached to a string, 
and the samples are stored in one liter dark plastic bottles.  When conditions and manpower 
allow, one liter of sample is taken directly from the outflow pipe of the filter, which requires 
walking into the concrete outflow pipe from the stormwater pond.  One liter of sample is also 
taken from the surface of the detention pond near the outlet structure, in line with the skimmer.  
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The filter sampling bottles and one liter sample bottles are cleaned between sampling events with 
distilled water.  EPA guidelines are used for times of lab analysis following a sampling event, as 
shown in Appendix D. 
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CHAPTER FOUR: RESULTS 
Water Quality 
 A total of thirty-five sampling dates compare the Red Bug Pond (referred to as “RBP” in 
the sample tables) outflow water quality to the Red Bug CUFS (referred to as “RBF”) effluent 
water quality.  These samples come from twenty-eight storm events and seven baseflows 
collected over a period of nine months.  The storm samples were taken at different time intervals 
following the event, with time ranges shown in Figure 9.  Ten stormwater samples collected at 
the UCF Arboretum compare the pond effluent (referred to as “AP”) to the pilot scale CUFS 
outflow (referred to as “AF”).  The raw data for each sampling date for the Red Bug and 
Arboretum locations is located in the master spreadsheet in Appendix E. 
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Figure 9: Number of samples taken at different time intervals 
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 Quality assurance and quality control is conducted for each parameter in a sample set.  To 
measure precision, duplicate samples are analyzed to produce a relative percent difference (RPD) 
between the two measurements.  The accuracy of the measurements is determined by spiking a 
sample with a known concentration of the parameter and calculating the percent recovery.  The 
measured duplicate and spiked samples are shown in Appendix F. 
 Another method of quality assurance and quality control compares the measured water 
quality values from the data analysis performed at UCF to those measured by a certified 
laboratory.  This shows how well the testing methods and procedures predict the data and if any 
unknown factors, such as interferences, occur that cannot visually be determined.  Table 2 shows 
the comparison for nitrogen and phosphorus species measured in the laboratory at UCF to those 
measured by Environmental Research and Design (ERD). 
Table 2: UCF and ERD laboratory comparison for measurements on July 10, 2007 
UCF ERD UCF ERD UCF ERD UCF ERD
RBP 0.067 0.019 0.30 0.287 0.01 0.001 0.024
RBF 0.043 <0.005 0.19 0.223 0.01 <0.001 0.04 0.011
AP 2.093 3.872 3.13 4.493 0.03 0.007 0.04 0.031
AF 1.841 2.186 2.54 2.569 0.03 0.005 0.04 0.017
7/10/07 NOx (mg/L N) Ortho - P (mg/L P) Total - P (mg/L P)Total - N (mg/L N)
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS, 
NOx = Nitrite + Nitrate 
 
 
 The total nitrogen data shows very similar concentrations between the two labs for three 
of the four samples measured.  Both phosphorus parameters are lower for the concentrations 
measured by ERD compared to the UCF lab, but all concentrations are on the same order of 
magnitude with both labs.  Exceedingly low concentrations are also difficult to measure with the 
procedures followed in the UCF lab, so some error is expected.  The data in Table 2 shows the 
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procedures and methods followed in the UCF lab can reasonably measure the concentrations of 
the nutrient parameters listed. 
 Statistical analysis is performed on each parameter to determine if there is a difference 
between the means of the Red Bug Pond (RBP) and Red Bug CUFS (RBF) samples, and also 
between the Arboretum pilot scale pond (AP) and pilot scale CUFS (AF) samples.  Outliers in 
the data sets are not determined by statistical analysis due to the varying nature of rainfall events 
and pollution carried by stormwater runoff.  An unusually high value may just be a characteristic 
of a large storm event, or a recent fertilizer application in a nearby neighborhood.  However, 
visual inspection and laboratory notes are used to eliminate some samples from the data sets. 
pH and Alkalinity 
Table 3 shows the pH and alkalinity averages for thirty-two samples at the Red Bug site 
and ten samples at the Arboretum pilot scale site.  The Black and GoldTM media in the CUFS for 
both locations did not alter the pH.  The alkalinity increased slightly in the CUFS at the Red Bug 
Pond site and more substantially at the Arboretum.  However, the increases for both locations 
were not enough to conclude that the means are not equal based on the statistical hypothesis 
testing using a 95% confidence interval, as shown in Appendix G. 
Table 3: pH and Alkalinity Data Summary 
RBP RBF AP AF RBP RBF AP AF
Avg. 6.94 6.87 6.49 6.71 44 47 75 91
St. Dev. 0.29 0.29 0.46 0.45 18.41 31.97 48.88 48.14
n 32 32 10 10 32 32 10 10
pH Alkalinity (mg/L CaCO3)
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
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Turbidity 
The turbidity ranges from 8.19 NTU to 1.94 NTU for the Red Bug Pond and 4.54 NTU to 
1.38 NTU for the CUFS based on thirty-two observations.  The average turbidity for the CUFS is 
lower than that of the pond outflow at both the Red Bug and Arboretum locations.  For the 
turbidity measured at the Red Bug site, there is enough statistical evidence to conclude that the 
means are not equal at a 95% confidence interval, thus the turbidity values leaving the CUFS are 
statistically lower than those leaving the Red Bug Pond (Appendix G). 
Table 4: Turbidity Data Summary 
RBP RBF AP AF
Avg. 3.55 2.29 4.83 3.08
St. Dev. 1.39 0.66 3.23 1.72
n 32 32 9 9
Turbidity (NTU)
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
Solids 
 Thirty-one measurements are used to compare the total suspended solids (TSS) and total 
dissolved solids (TDS) concentrations for the Red Bug site.  As shown in Table 5, the CUFS at 
the Red Bug site reduced the TSS concentration almost in half while the pilot scale Arboretum 
CUFS actually increased the TSS concentration.  The increase at the Arboretum is probably 
caused by the small pond size, in which the top of the chamber of the CUFS would actually be 
submerged under water when a large storm event raised the water level in the pond over the bank.  
This would introduce dirt and sediments carried by the rapidly flowing water through the top of 
the chamber door and into the CUFS.  An addition of suspended solids at the Red Bug CUFS 
also occurred during large storm events due to dirt and sediment entering through the small 
 40
creases in the chamber door, even though the chamber door was not under water.  This was 
prevented by covering the top of the chamber with black fabric mat, which is held down with a 
concrete block on each corner.  This inhibits the CUFS from false contamination due to solids 
entering the filtered water above the media.  The only statistically significant difference in the 
means at a 95% confidence interval is the total suspended solids concentration for the Red Bug 
CUFS.  The Red Bug CUFS is statistically lower in TSS concentration than the Red Bug Pond.  
Even though the total dissolved solids concentrations decreased in both locations of the CUFS, 
there was not enough evidence to reject the equality of the two means. 
Table 5: Solids Data Summary 
RBP RBF AP AF RBP RBF AP AF
Avg. 9 5 7 9 109 102 183 171
St. Dev. 6.8 4.7 4.5 4.5 40.7 38.2 81.4 87.1
n 31 31 9 9 30 30 9 9
TSS (mg/L) TDS (mg/L)
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
Phosphorus 
 The ortho-phosphorus (OP) and total phosphorus (TP) concentrations are measured using 
thirty-seven samples at the Red Bug site and eleven samples at the Arboretum site.  For the 
majority of the sampling dates, total phosphorus consists of mostly orthophosphorus and very 
little organic phosphorus.  The OP values for the Red Bug Pond outflow are very low, but the 
CUFS reduces the values almost in half (Table 6).  Mean hypothesis testing at a 95% confidence 
interval confirms the reductions of both OP and TP from the Red Bug CUFS.  The Arboretum 
CUFS also shows a reduction in OP and TP compared to the pond outflow, although the 
reduction is not statistically significant for the number of samples taken. 
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Table 6: Phosphorus Data Summary 
RBP RBF AP AF RBP RBF AP AF
Avg. 0.028 0.015 0.048 0.037 0.052 0.039 0.071 0.052
St. Dev. 0.024 0.012 0.024 0.015 0.024 0.015 0.039 0.020
n 37 37 11 11 34 35 11 11
Ortho-P (mg/L P) Total-P (mg/L P)
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
Nitrogen 
 The nitrogen forms compared in the CUFS experiment include nitrate + nitrite (NOx) and 
total nitrogen (TN).  To ensure that denitrification could occur, dissolved oxygen measurements 
were taken periodically throughout the experiment.  These measurements were taken below the 
filter in the CUFS, above the filter in the CUFS, and in Red Bug Pond itself.  As indicated in 
Table 7, anoxic conditions occur within the filtering media of the CUFS, allowing denitrifying 
bacteria to utilize nitrate and remove it from the water. 
As with orthophosphorus, the Red Bug Pond discharges very low concentrations of nitrite 
+ nitrate (Table 8).  The average TN concentration of the Red Bug CUFS is relatively lower than 
the pond outlet, but at a 95% confidence interval there is not enough data to conclude that the 
two means are not equal.  The Arboretum CUFS reduces NOx concentrations from the pond by 
about one-third and TN concentrations by almost one-half.  The Arboretum CUFS significantly 
reduces the TN concentration with a 95% confidence interval, but more data would be helpful to 
statistically prove the reductions in NOx. 
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Table 7: Dissolved Oxygen Concentrations at Red Bug (mg/L) 
Date Above Filter Below Filter Pond
6/19/07 0.4 1.1 3.3
7/23/07 0.4 1.4 3.8
8/7/07 0.3 2.5 4.4
8/25/07 0.3 1.0 2.0
9/1/07 0.3 0.6 2.5
9/18/07 0.3 1.1 4.2
9/20/07 0.3 0.5 1.7
10/2/07 0.6 1.8 3.4
10/3/07 0.9 1.6 3.4
10/6/07 0.8 1.7 3.5
10/27/07 0.9 1.6 2.9
10/29/07 0.6 2.4 3.2
10/31/07 0.4 1.6 3.9
11/30/07 0.3 1.5 3.4
Avg. 0.5 1.5 3.2  
 
Table 8: Nitrogen Data Summary 
RBP RBF AP AF RBP RBF AP AF
Avg. 0.03 0.03 1.04 0.68 1.11 0.92 2.93 1.54
St. Dev. 0.02 0.02 1.35 0.93 0.86 0.66 0.81 0.86
n 34 33 7 6 24 24 6 6
NOx (mg/L N) TN (mg/L N)
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS, 
NOx = Nitrite + Nitrate 
Storm Events and Baseflows 
 The data represented previously resulted from twenty-eight storm events and seven 
baseflows in the Red Bug detention pond.  Separating the concentrations from storm events and 
baseflows results in the values shown below in Table 9. 
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Table 9: Storm Events and Baseflows Separated 
RBP 6.91 42 3.59 0.026 0.056 0.02 1.33 9 111
RBF 6.89 45 2.36 0.014 0.040 0.03 1.11 4 103
RBP 7.09 52 3.40 0.031 0.043 0.04 0.54 14 102
RBF 6.80 57 1.92 0.017 0.038 0.04 0.43 10 99
Sample pH
Alk (mg/L 
CaCO3)
Base 
flow
TN (mg/L 
N)
TSS 
(mg/L)
TDS 
(mg/L)
Storm
 
Event
Turbidity 
(NTU)
OP (mg/L 
P)
TP (mg/L 
P)
NOx 
(mg/L N)
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, NOx = Nitrite + Nitrate 
 
 A graph comparing the combined storm events and baseflows to storm event only and 
baseflow only is shown below for TP and TN (Figure 10).  The standards chosen for Lake Jesup 
(0.044 mg/L TP and 0.61 mg/L TN) are also shown on the graphs.  As shown in Figure 10, the 
CUFS reduces TP below the standard concentration for all the samples (Storm + Base) and the 
storm events.  The baseflow TP concentration from the Red Bug Pond does not exceed the 
standard concentration.  The high contribution of TN from the storm events is shown in the Total 
Nitrogen graph in Figure 10.  The “baseflow only” concentration in Red Bug Pond does not 
exceed the standard, but the storm event concentration greatly exceeds the standard.  The CUFS 
reduces the TN concentration, but not below the standard of 0.61 mg/L N. 
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Figure 10: Storm Event and Baseflow Comparison for TP and TN 
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Simulated Event Comparison 
 The nutrient concentrations leaving the detention pond are relatively low compared to 
typical stormwater detention ponds.  To see how the CUFS performed under higher nitrogen and 
phosphorus loading conditions, two experiments were conducted to increase the nutrient 
concentrations in the pond and inflow to the CUFS.  Fertilizer was scattered into the detention 
pond near the skimmer, and samples were taken at periodical times after the introduction of 
fertilizer.  Flow measurements were taken from the CUFS to see how long it would take the 
water to cycle through the filtering system, so representative samples from the pond and CUFS 
could be directly compared.  The graphs in Figure 11 display the average concentrations from the 
two experiments for phosphorus and nitrogen.  
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*NOx = Nitrite + Nitrate 
Figure 11: Simulated Event Summary 
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 The addition of fertilizer increased the phosphorus concentration in the pond with mainly 
OP as expected, because fertilizer supplies phosphorus in a form readily available for plant 
uptake.  The CUFS reduced the two phosphorus species approximately in half and increased the 
OP/TP ratio compared to the pond.  In the analysis of nitrogen, the CUFS increased the NOx 
(nitrite + nitrate) concentration compared to the pond.  This could be caused by nitrification of 
the ammonia in the fertilizer (the TN of the selected fertilizer consisted of urea/ammonia mix).  
The water in the CUFS begins in the skimmer and inlet pipe, which is still under aerobic 
conditions until it reaches the filtering media.  Therefore, the water in the CUFS is exposed to 
aerobic conditions for a longer time before sampling than the pond, which will allow nitrifying 
bacteria more time to convert ammonia to nitrate.  Because this experiment was performed 
during a period of no rainfall, the flow measurements indicate that it will take the water 
approximately two hours to cycle through the CUFS.  Theoretically the NOx (nitrite + nitrate) 
should be removed by denitrification in the anoxic filter, but the removal rate might be lower 
than the formation rate due to the excessive ammonia concentrations, and the NOx 
concentrations will increase. 
Evidence of denitrification in the filter is shown in the comparison of TN values.  It is 
known that the NOx concentrations are relatively low, but the TN concentration in the pond is 
close to 20 mg/L N.  Since the selected fertilizer contains TN in the form of urea and ammonia, 
the TN concentration is composed of mainly ammonia or ammonium ion.  The reduction in TN 
is presumably due to denitrification in the media after the ammonia is converted to nitrate before 
entering the filtering media.  This does not remove all the TN because 4.7 mg/L N remains in the 
CUFS samples, which is assumed to be ammonia or organic since the NOx concentration is low.  
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The low dissolved oxygen concentrations above and below the filter show that chamber is anoxic, 
allowing denitrification to occur. 
Flow Measurement 
The flow measurement is performed by using the “bucket and stopwatch” method.  This 
method achieves a direct measurement for the flow rate with no estimation involved.  It can be 
used to measure the flow because the water is free-flowing from a small pipe and is small 
enough to capture in a bucket without overflowing (NPDES, 1992).  The flow is taken directly 
from the outlet pipe of the filter, which discharges into the stormwater effluent pipe coming from 
the pond.  This requires walking into the concrete pipe with a flashlight, bucket, and stopwatch 
to take a measurement. 
A five gallon bucket was used to capture the water from the filter outlet pipe, and a 
stopwatch was used to measure the time until the bucket was almost full.  The actual volume of 
water in the bucket was measured with one-quart containers.  The volume, in gallons, is equal to 
the number of quarts divided by four quarts per gallon.  The flow is then computed by dividing 
the volume of water collected by the time it took to collect that volume of water. 
Since the flow through the filter increases with head (pond water elevation), a water 
surface measurement was taken from the outlet weir structure.  This involved a tape-down from 
the top of the structure to the water surface.  The head on the filter outlet pipe was also measured, 
and all the measurements taken for the flow analysis are shown in Table 10. 
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Table 10: Flow Measurements from the CUFS 
Date:  11/30/07
Tape down from top right of outlet concrete structure: 16"
Filter outlet pipe head (measured from inside of pipe to water surface): 2.5"
Time:  0900  Measurement 1:  18.5 quarts / 1 minute * 1 gal / 4 quarts = 4.625 gpm
Time:  0920  Measurement 2:  18.0 quarts / 1 minute * 1 gal / 4 quarts = 4.5 gpm
Date:   1/23/08
Tape down from top right of outlet concrete structure:  12.5"
Filter outlet pipe head (measured from inside of pipe to water surface): 2.8"
Time: 1030  Measurement 1: 24.0 quarts / 1 minute * 1 gal / 4 quarts = 6.0 gpm
Time: 1055  Measurement 2: 25.5 quarts / 1 minute * 1 gal / 4 quarts = 6.375 gpm  
 
Calculation of a surface loading rate requires the surface area of the filter that allows 
water to flow through it.  The Red Bug chamber measures 4’ X 3’, equating to an inside area of 
12 ft2.  However, part of this area is occupied by the 6” cleanout pipe, which reduces the surface 
area to 11.8 ft2.  With this surface area, the surface loading rate of the CUFS for the 
measurements on November 30, 2007 and January 23, 2008 are 0.39 and 0.54 gpm/ft2, 
respectively.  These surface loading rates correspond to a pond water elevation that is 16 inches 
and 12.5 inches below the top of the concrete overflow structure of Red Bug Pond.  Although the 
peak flow rate through the CUFS during this experiment would be important data, obtaining a 
flow measurement when the water flows over the concrete structure would be too dangerous due 
to the large flow of water coming from the pond.  In fact, obtaining a measurement when the 
pond water elevation rises higher than 12.5 inches below the concrete outflow structure would be 
very dangerous. 
The largest surface loading rate measured, 0.54 gpm/ft2, is much smaller than the range 
of loading rates considered in the laboratory (1 – 5 gpm/ft2).  However, in this measurement, the 
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water level in the outlet pipe of the CUFS only occupied 70% of the outlet pipe cross-sectional 
area.  The bench scale study was also performed with clean tap water and new media, with fewer 
solids to restrict the flow through the media. 
Nutrient Loading Reduction 
 The nutrient removals from the CUFS can be expressed in the form of nutrient loading 
reductions by multiplying the flow and concentration.  These calculations show the amount of 
mass per time that can be removed by the CUFS during storm events.  The two flow rates 
measured (4.5 and 6.0 gpm), the inflow to the CUFS (0.052 mg/L TP and 1.11 mg/L TN), and 
the outflow from the CUFS (0.039 mg/L TP and 0.92 mg/L TN) create a loading reduction range 
of 0.12 to 0.16 kg/year of TP and 1.70 to 2.27 kg/year of TN.  For the simulated event using the 
same two measured flow rates, the loading reduction ranges become 5.73 to 7.64 kg/year of TP 
and 134 to 179 kg/year of TN.  However, these loading reductions do not represent the maximum 
loading reduction possible because the maximum flow from the CUFS was not measured. 
Detention Pond Removal 
 The phosphorus concentrations leaving the Red Bug Pond are lower than average for wet 
detention facilities in Florida.  Values compiled by Harper and Baker (2007b) from previous 
studies show that stormwater from single family residential developments contains average 
concentrations of 0.327 mg/L of TP and 2.07 mg/L of TN.  According to Seminole County 
Engineering (2007), stormwater in the Howell Creek subbasin contains a net concentration of 
0.31 mg/L of TP and 1.72 mg/L of TN.  These numbers are similar to those found by Harper and 
Baker (2007b).  Harper and Baker (2007a) compiled several treatment efficiencies for wet 
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detention ponds and found an average removal of 69% for TP and 37% for TN.  Using these 
removal efficiencies for a wet detention pond and the typical stormwater concentrations for the 
Howell Creek subbasin from Seminole County Engineering (2007), the expected effluent 
concentrations from the Red Bug Pond should be approximately 0.10 mg/L of TP and 1.09 mg/L 
of TN.  The TN value matches the measured concentration from the Red Bug Pond of 1.11 mg/L 
(Table 8).  This results in a TN removal efficiency of 35% in the Red Bug Pond.  However, more 
phosphorus removal occurs in the Red Bug Pond than in an average wet detention pond.  The 
measured TP value is 0.052 mg/L for the Red Bug Pond (Table 6), compared to the expected 
value of 0.10 mg/L.  This shows a TP removal of 83% assuming the influent concentration is 
0.31 mg/L. 
 As stated in Pond Details section of Chapter Two in this report, the design residence time 
of the Red Bug Pond is 14 days and the permanent pool volume is 12.0 ac-ft.  The PPV was 
determined from the drawings provided for Red Bug Pond B (Seminole County, 1993).  The 
permanent pool volume was also calculated based on the equation 
Equation 3: Permanent Pool Volume Calculation 
PPV = (A*c*R*DT) / WS 
where 
A = drainage area = 46.89 ac 
R = wet season rainfall depth = 32 in = 2.67 ft 
WS = wet season = 153 days (June 1 through October 31) 
DT = detention time = 14 days 
c = weighted runoff coefficient = 0.81 
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This method produced a required PPV of 9.3 ac-ft, so the actual PPV is larger than the result of 
the calculated value. 
The high phosphorus removal may be due to the sediment and solids removed by 
sedimentation in the pond.  The basin that includes Red Bug Pond consists of Tavares-
Millhopper, Myakka, and Eaugallie fine sands (“Drainage Report/Calculations,” 1990).  To 
conclude if dissolved phosphorus was sorbing to the sediment, an extra sample was taken on 
August 7, 2007 in which the pond water was stirred by walking around the outlet area in the 
pond.  This should physically break the bond between the sorbed phosphate and sediment, 
resulting in an increase in the OP and TP concentrations.  These samples are indicated in 
Appendix E as the “STIR” samples.  The OP concentration increased from 0.04 mg/L P to 0.14 
mg/L P after the agitation.  This indicates good removal of dissolved phosphorus by the sediment 
in the bottom of the pond.  The pond also contains a littoral zone, in which different types of 
aquatic grasses and plants inhabit.  These plants utilize the dissolved phosphorus, removing it 
from the water. 
 Under the normal storm events sampled, the CUFS reduced the OP concentration by 46%, 
the TP by 25%, and the TN by 17% when compared to the pond.  Using the typical values for 
stormwater in the Howell Creek subbasin, the Red Bug detention pond and CUFS together 
reduced TP by 87% and TN by 47%.  The percent removals are shown below in Table 11.  The 
lower removals with nitrogen could be due to the low values of NOx in the pond, limiting 
denitrification in the filter. 
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 Harper and Baker (2007c) show an average TSS concentration from stormwater in single-
family residential subdivisions with curb and gutter of 48.4 mg/L.  Using this value as the 
influent TSS concentration to the detention pond, it removes 81% of the TSS. 
Table 11: Percent Removals 
IN (mg/L N) OUT (mg/L N) % Removal IN (mg/L P) OUT (mg/L P) % Removal IN (mg/L) OUT (mg/L) % Removal
Pond Only 1.72 1.11 35 0.31 0.052 83 48.4 9 81
CUFS Only 1.11 0.92 17 0.052 0.039 25 9 5 44
Pond + CUFS 1.72 0.92 47 0.31 0.039 87 48.4 5 90
TN TP TSS
 
Operation of the CUFS 
 Overall, the CUFS performed with minimal maintenance throughout the life of the 
experiment.  Early in the experiment, problems with the upflow filter lifting up due to a high 
flow of water occurred, but they were resolved with the installation of the unitsrut pieces to 
supply more force to keep it down.  The Arboretum pond is proliferated with algae, which 
caused a clogging problem in the skimmer and upflow filter.  Once unclogged, the intake on the 
skimmer at both locations was wrapped with back fabric mat to prevent the algae, small plants, 
or fish from entering the system.  This solved the problem and both the Arboretum and Red Bug 
CUFS remained unclogged throughout the experiment. 
 The Red Bug CUFS was cleaned twice to see how the system responded.  Cleaning 
consists of pumping out the bottom of the chamber by inserting the intake hose of a small pump 
down the 6” cleanout pipe (as shown in the pictures in Appendix C).  All the water is pumped 
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out of the filter three times to ensure removal of the sediment.  The CUFS performed with no 
problems following the cleanout in both cases. 
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CHAPTER FIVE: SUMMARY AND CONCLUSIONS 
Summary 
 Stormwater runoff can transport pollutants picked up from roadways, landscaping, and 
other sources into a nearby surface water body.  Wet detention ponds, considered one of the most 
efficient BMPs for stormwater quantity and quality control, are found throughout Central Florida.  
However, these ponds on average do not remove enough nutrients from the stormwater and pass 
them along to a nearby surface water body, where eutrophication can occur.  The results of this 
research provide an additional treatment option using a Chamber Upflow Filter and Skimmer 
(CUFS) coupled with a detention pond, which can increase the removal of phosphorus and 
nitrogen by the system. 
 The skimmer floats on the surface of the detention pond and directs water through the 
upflow filter.  The upflow filter consists of two feet of Black and GoldTM pollution control media 
to remove phosphorus and nitrogen under the anoxic conditions of the filter.  Water enters at the 
bottom of the chamber structure and flows up through the filtering media, allowing heavier 
particles to settle out before entering the filter to minimize clogging. 
This project consisted of a bench study, pilot scale operation, and a full scale operation of 
a CUFS connected to a detention pond.  The bench study determined the amount of head loss 
from Black and GoldTM pollution control media over a range of design surface loading rates.  
The pilot study confirmed the bench study for head loss through the media and developed the 
procedures for installing a CUFS.  The full scale field application of the CUFS used a larger 
skimmer and chamber than the pilot study.  The field application CUFS is located in Seminole 
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County, Florida and filters stormwater from a detention pond that eventually flows into Lake 
Jesup, a eutrophic lake. 
A total of ten storm events were sampled from the pilot study CUFS, and twenty-eight 
storm events and seven baseflows were sampled from the field application CUFS.  The main 
pollutants of concern are phosphorus (ortho and total) and nitrogen (NOx and total), but other 
parameters were also measured to characterize the water.  These include pH, alkalinity, turbidity, 
total suspended solids, total dissolved solids, and dissolved oxygen.  Quality assurance and 
quality control was performed on the samples by using duplicate and spiked samples, in which 
the relative percent difference (RPD) and percent recovery were calculated.  Statistical analysis 
was performed on the data to test the equality of the mean CUFS pollutant concentration and 
mean pond pollutant concentration.  The conclusions from these results show the benefits of 
adding a CUFS to a detention pond. 
Conclusions 
 The desired surface loading rates for the CUFS experiment were between 1-5 gpm/ft2.  
The head loss determined for this range of loading rates for twenty-four inches of Black and 
GoldTM pollution control media is nine inches.  This value was originally determined in the 
laboratory with the bench scale study and then confirmed in both the pilot and full scale field 
applications.  With the filter outlet pipe set at an elevation nine inches lower than the pond 
effluent pipe elevation, the CUFS will begin discharging water when the pond starts discharging 
water. 
 A surface skimmer can effectively be used to supply a design flow of water through the 
upflow filter in the CUFS.  It will also improve the discharged water quality by removing water 
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from the top of the water column in the pond, allowing heavier particles to settle and remain in 
the pond.  In ponds with high levels of algae, small plants, or other small debris, a layer of black 
fabric mat can be placed over the intake of the skimmer to prevent the debris from clogging the 
upflow filter after short periods of time without affecting the hydraulic performance of the CUFS. 
 The concentrations of total nitrogen and total phosphorus leaving the Red Bug Pond B 
wet detention pond exceed the concentrations believed to impair the receiving water body, Lake 
Jesup.  The Red Bug CUFS reduces the concentration of total phosphorus below the 
concentration believed to impair Lake Jesup.  The CUFS had no significant impact on pH, 
alkalinity, NOx (nitrite + nitrate), TN, or TDS at the Red Bug location in Seminole County, but 
the CUFS significantly reduced the concentrations of turbidity, OP, TP, and TSS compared to 
the pond effluent.  The pilot scale CUFS only reduced the concentration of TN compared to the 
pond effluent for the ten samples collected.  The CUFS is also capable of nutrient removals in 
highly polluted water, as shown in the simulated event comparison. 
Recommendation 
 The only maintenance required for a properly designed and installed CUFS entails 
pumping out the bottom of the chamber to remove the heavier particles that settle below the filter.  
This depends on the amount of debris and sediment in the pond, and if the intake to the skimmer 
is covered with black fabric mat.  For a pond with minimal debris and the skimmer intake 
covered, the bottom of the chamber should be pumped twice per year, as performed in this 
experiment.  This should be increased if more debris and sediment are present in the pond. 
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Future Research 
 Research should be conducted on adding more skimmers to possibly increase the flow of 
filtered water from the CUFS, but it cannot flow too fast as to inhibit adsorption of phosphorus to 
the media or prevent anoxic conditions in the chamber.  The addition of a fountain in the 
detention pond should also be investigated to aid in the reduction of nitrogen in the CUFS.  The 
fountain will encourage more aerobic conditions to convert ammonia to nitrate, which should 
increase denitrification in the CUFS.  To further investigate denitrification in the CUFS, samples 
should be analyzed to see what types of bacteria are present for denitrification.  Also, the limiting 
variable that governs the CUFS design should be identified.  The most likely options for the 
limiting variable are flow and oxygen content in the CUFS. 
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APPENDIX A: BENCH STUDY INFORMATION 
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Bench Study Experimental Procedures 
Objective:  To determine the amount of head loss produced from an upflow filter containing 24 
inches of Black and GoldTM pollution control media. 
 
Materials: 
 2 – 2” PVC 90o elbows 
 2 – End caps for PVC tees 
 2 – 4” pieces of 2” PVC pipe, thinned outside diameter below 2.25” to fit inside clear pipe 
 2 – pieces of clear HDPE pipe (2’2” and 2’9”) with inside diameter of 2.25” 
 1 – 12” piece of PVC pipe to connect tees at bottom 
 2 – plastic rings with holes to fit inside clear pipe 
 2 – circles of filter fabric 
 Pollution control media 
 CPVC glue 
 Ratchet straps 
 Super glue 
 
Set up Procedure: 
1. Thin the outside of 2” of each 4” long piece of PVC to fit inside the clear HDPE pipe 
with inside diameter of 2.25 inches. 
2. Glue the thinned insert in each clear HDPE pipe. 
3. Connect the other side of each insert to each 90o elbow with CPVC glue.  Make sure both 
clear pipes (vertical) line up with each other. 
4. Glue the 12” piece of PVC from the end of one elbow to the other. 
 
Experimental Procedure: 
1. Glue the fabric circle to the permeable plastic ring using super glue. 
2. Push one down the smaller clear tube (2’2” tube) until it touches the PVC insert. 
3. Mount the assembly to a wall or shelf with ratchet straps, making sure it is level. 
4. Fill the longer end of clear pipe (the 2’9” tube) with water to test the head loss with the 
filter fabric only. 
5. Drain the water and insert 24” of pollution control media on top of the filter fabric and 
plastic ring on the shorter tube. 
6. Insert the other fabric and plastic ring on top of the pollution control media. 
7. Mark a line on the longer pipe that is level with the top of the media in the smaller pipe 
with a permanent marker. 
8. Add water to the longer pipe until it flows through the media and the water level 
stabilizes at the marked line. 
9. Add water at the corresponding filtering velocity and measure the difference between the 
two water levels at the end of water addition.  This is the resulting head loss. 
10. Repeat for differing filtration velocities. 
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11. If the head loss is too large to measure with the device, decrease the depth of media to 18 
inches and repeat the measurements for filtration velocities.  The head loss for the 
velocity can then be scaled up to correspond with 24 inches of media. 
 
 
 
Figure 12: Plastic rings with black fabric mat 
 
 
 
Figure 13: Bench study apparatus
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APPENDIX B: PILOT STUDY FIGURES 
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Figure 14: Arboretum upflow filter with example elevations (cleanout pipe not pictured) 
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Figure 15: Installation of the Chamber at the Arboretum Pond 
 
 
 
Figure 16: DOT Type C Inlet (chamber that houses the upflow filter) and inlet pipe (right) 
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Figure 17: Chamber (bottom left) and Skimmer (top right) after installation with soil erosion prevention mats 
installed 
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APPENDIX C: FULL SCALE EVALUATION FIGURES 
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Figure 18: Chamber installed at Red Bug Pond B 
 
 
 
Figure 19: Milk crates cut to support the upflow filter 
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Figure 20: Black and GoldTM Media (center), cleanout pipe (bottom, right), and filter outlet pipe (center, 
right) inside the chamber 
 
 
 
 
Figure 21: Pumping the bottom of the upflow filter through the cleanout pipe 
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Figure 22: Diagram of CUFS (Cleanout pipe not pictured) 
Skimmer
Inlet Pipe
Black & Gold
Media
Chamber
Head
Loss
Outlet
Upflow
Filter
Pond Water Surface
Cleanout Pipe (not pictured)
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APPENDIX D: PROCEDURES 
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Ortho Phosphorus Procedure 
Method: Hach 8048 (PhosVer 3 Ascorbic Acid Method) 
Accuracy: 0.02 to 2.50 mg/L PO43- 
1. Turn on the spectrophotometer and select Hach Program 3025.  Allow the lamp to warm 
up for at least 4 hours. 
2. Clean the sample vials with 1:1 hydrochloric acid mix, and rinse with deionized water. 
3. Shake the samples, and filter them through a 0.45 micron filter. 
4. Prepare the desired standards from the concentrated phosphate standard solution. 
5. Zero the spectrophotometer with deionized water in a sample vial. 
6. Record the absorbance of each sample vial with 10 mL of deionized water inside it. 
7. Empty the vials and fill with 10 mL of sample or standard.  Be sure to leave one vial with 
DI water for a 0 mg/L standard. 
a. Spikes are made by adding the desired amount of the concentrated phosphate 
solution and filling the flask up to 100 mL. 
8. Pour the contents of one PhosVer 3 powder pillow into each vial and cover with Parafilm. 
9. Shake the vials for 30 seconds until most of the powder dissolves. 
10. Let stand for 2 minutes. 
11. Wipe clean the outside of the vials and record the absorbance of each measurement.  
Remember to subtract or add the initial absorbance of the glass filled with 10 mL of DI 
water. 
12. Clean the glassware with 1:1 hydrochloric acid mix and rinse with DI water. 
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Total Phosphorus Procedure 
Method: 4500-P.B.5 (Persulfate Digestion Method) 
1. Clean enough 250 mL beakers to hold all samples and standards. 
2. Prepare the desired standards from the concentrated phosphate standard solution. 
3. Pour 75 mL of each sample or standard into a labeled 250 mL beaker. 
a. For spikes, use 120 mL of sample. 
4. Lower the pH below 2 by adding 1 mL of 3-10 H2SO4 to each beaker. 
a. 3-10 H2SO4 is prepared by filling a 1 L flask with 600 mL of deionized water, 300 
mL of concentrated sulfuric acid, followed by 100 mL of deionized water. 
5. Add 0.6 grams of Ammonium Persulfate to each sample or standard beaker. 
a. For spikes, add 1 gram of Ammonium Persulfate to the beaker. 
6. Cover each beaker individually with aluminum foil. 
7. Shake/Swirl each beaker until most of the Ammonium Persulfate is dissolved. 
8. Put the beakers into the autoclave for 30 minutes for digestion. 
9. Allow the samples to cool to room temperature, and then remove the foil. 
10. Shake/Swirl a sample and pour 10 mL into a labeled plastic ICP vial. 
11. Repeat for the rest of the samples and standards. 
a. Spikes are made by adding the desired amount of the concentrated phosphate 
solution and filling the flask up to 100 mL. 
12. Clean the glassware with 1:1 hydrochloric acid mix, and rinse with deionized water. 
13. Analyze the samples in the plastic ICP vials by following the procedures located in the 
“ICP Procedure” section. 
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ICP Procedure 
1. Power on the computer and switch ICP to the on position. 
2. Turn on gases.  Nitrogen should be greater than 100 psi.  Gas tanks should have greater 
than 200 psi built up. 
3. Open WinLAB32 program from desktop. 
4. Click the Plasma button on the toolbar and check that the Nebulizer is set to 0.50 and the 
RF Power is set to 1500.  Click Apply. 
5. Click the On button in the Plasma window.  ICP will not start unless the door to the 
plasma is closed. 
6. Let the machine warm up for 30 minutes before running. 
7. To set up methods, click File => Open => Method.  On the periodic table, use the 
preferred wavelength.  Go to Settings.  Select the time to Auto, the Delay to 60 sec., and 
3 replicates.  (F1 gives help on all menus). 
8. For Calibration, define standards and locations.  Enter the units and concentrations for the 
desired standards.  For the blank, use 2% HNO3 acid solution as the first standard.  
Equations should be Linear. 
9. To enter samples, click Sample Info => Batch ID.  Enter the sample ID.  Right click to 
use column fill.  Enter the location of each sample using the column fill technique.  Click 
File => Save As =>Sample Info File. 
10. Wait fir ICP to initialize optics. 
11. In the Auto Analysis window, click on Results => Data => Save.  Type in the file name 
and click Enter.  Under Analyze, click Analyze All. 
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12. If the emergency switch is tripped, click Emergency Switch => System => Reset 
Emergency Plasma Off => OK (turn button on) => On (on Plasma Control). 
13. To retrieve results, open the Data Manager program from the desktop. 
14. Click on the data you want and click the Export button. 
15. Use the existing design set up, or make a new design to display the results in a different 
form. 
16. Click Finish.  The data is now exported to the location specified, and is saved in 
Microsoft Excel as a CSV (Comma Separated Value) Format. 
17. To shut the ICP down, turn plasma button to Off.  Go to Analysis => Auto Sampler Up. 
 
ICP Maintenance: 
1. The black tube takes the sample to the machine.  Change once per week.  The red tube is 
the return from the machine to the waste bucket.  Change every few weeks.  Release the 
clips between runs so the tubing does not stretch out as fast. 
2. To clean the injector and the torch, let sit in 2% HNO3 acid solution overnight.  After 
reinstalling, the view must be realigned.  To do this, click Tools => Spectrophotometer 
Control.  Align the view with the MN solutions.  Click Analysis => Auto Sampler => Go 
To: Location “X” where the Mn solution is located.  Click OK on the Radial (plasma) 
when using the 10 ppm Mn solution and for Axial use the 1 ppm Mn solution.  Between 
aligning the Radial and Axial views, put Autosampler in Wash location (2% HNO3) by 
Shift + F10. 
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NOx Procedure 
Method: Hach 8192 (Cadmium Reduction Method) 
Accuracy: 0.01 to 0.50 mg/L NO3--N 
1. Turn on the spectrophotometer and select Hach Program 2515N, Nitrate, LR, 0.5 mg/L.  
Allow the lamp to warm up for at least 4 hours. 
2. Clean the sample vials with 1:1 hydrochloric acid mix, and rinse with deionized water. 
3. Shake the samples, and filter them through a 0.45 micron filter. 
a. At least 125 mL for spikes 
b. At least 50 mL for duplicates 
4. Prepare the desired standards from the concentrated Nitrogen-nitrate standard solution. 
5. Zero the spectrophotometer with deionized water in a sample vial. 
6. Record the absorbance of each sample vial with 10 mL of sample inside it. 
a. Spikes are made by adding the desired amount of the concentrated phosphate 
solution and filling the flask up to 100 mL. 
7. Pour 15 mL of sample into a 50 mL graduated cylinder and add a NitraVer 6 packet.  
Cover the cylinders with Parafilm and shake for 3 minutes. 
8. Let the samples sit for 2 minutes. 
9. Pour 10 mL of sample into the sample vial and add a NitraVer 3 packet.  Cap the vials 
and shake for 30 seconds. 
10. Let the sample sit for 15 minutes. 
11. Read the absorbance in the spectrophotometer, and adjust the final absorbance by 
subtracting the initial absorbance. 
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Total Nitrogen Procedure 
Method: Hach 10071 (Persulfate Digestion Method) 
Accuracy: 0.5 to 25.0 mg/L N 
1. Turn on the spectrophotometer and select the Hach Program 350 N, Total LR, TNT.  
Allow the lamp to warm up for at least 4 hours. 
2. Turn on and heat the DRB200 Reactor to 105oC. 
3. Add one Persulfate Reagent Powder Pillow to each Hydroxide Reagent vial. 
4. Add 2 mL of sample to one vial.  Repeat for the rest of the samples and standards to be 
tested. 
5. Cap the vial and shake vigorously for at least 30 seconds to mix. 
6. Insert the vials in the reactor and heat for 30 minutes at 105oC. 
7. Remove the hot vials from the reactor and allow to cool to room temperature. 
8. Remove the caps from the digested vials and add one Total Nitrogen Reagent A Powder 
Pillow to each vial. 
9. Replace the caps and shake the vials for 15 seconds. 
10. Let the vials sit for a reaction period of three minutes. 
11. Remove the caps from the vials and add one Total Nitrogen Reagent B Powder Pillow to 
each vial. 
12. Replace the caps and shake the vials for 15 seconds. 
13. Let the vials sit for a reaction period of two minutes. 
14. Remove the cap from one Total Nitrogen Reagent C vial and add 2 mL of the digested 
sample to the Reagent C. 
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15. Cap the Reagent C vial and invert ten times to mix.  Use slow, deliberate inversions for 
complete recovery. 
16. Let the vial sit for five minutes. 
17. Select Program “350 N, Total LR TNT” on the spectrophotometer. 
18. Insert a blank vial filled with deionized water into the spectrophotometer and zero the 
machine. 
19. Wipe the Reagent C vial and insert it into the round cell holder. 
20. Read and record the absorbance. 
21. Repeat for the rest of the samples and standards. 
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Total Solids Procedure 
Method: 2540 C. 
1. Clean all the crucibles with 1:1 HCl and deionized water and rinse three times with 
deionized water. 
2. Place a glass fiber filter, wrinkle-side up, in each suspended solid crucible and filter 10 
mL of deionized water through the filter. 
3. Place all crucibles, suspended and dissolved, in the 105o C oven overnight. 
4. Take the crucibles out of the oven and allow to cool in a dessicator for 30 minutes. 
5. Weigh each crucible. 
6. Return all crucibles to the oven for at least 30 minutes, then repeat with the dessicator 
and weighing. 
a. The two weights must be within 0.0005 grams, and the initial weight will be the 
average of the first two weights.  If the weights do not fall within the range, the 
process must be repeated. 
7. Filter 50 mL of sample through the suspended solid crucibles, and pour 25 mL of the 
filtered sample into the dissolved solids crucibles. 
8. Place all crucibles in the 105o C oven overnight, or for at least five hours until the 
crucibles are completely dry. 
9. Use the same procedures for the final weighing as the initial weighing. 
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pH Procedure 
1. Standardize the pH meter with 4, 7, and 10 pH standards. 
2. Pour 50 mL of stirred sample into a clean beaker and insert the pH probe. 
3. Swirl the sample until the reading stabilizes.  Repeat for the rest of the samples, washing 
the glassware and pH probe with distilled water in between readings. 
Alkalinity Procedure 
1. Add 0.02 N H2SO4 to 50 mL of sample to lower the pH of the sample to 4.50. 
a. The acceptable range for final pH ranges from 4.45 – 4.55. 
2. Record the volume of H2SO4 added and convert to mg/L as CaCO3. 
3. Repeat for the rest of the samples, washing the glassware and pH probe between 
measurements. 
Turbidity Procedure 
1. Record the turbidity readings of the standards. 
a. Standards consist of 0-10 NTU, 0-100 NTU, and 0-1000 NTU. 
2. Clean the sample vials and pour 10 mL of sample, after shaking three times, into the vial. 
3. Clean the outside of the glass and insert into turbidimeter. 
4. Record the turbidity in NTU and repeat for the rest of the samples, cleaning the vial in 
between readings. 
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Sample Preservation 
 
Table 12: Sample Preservation (EPA, 1983) 
Parameter Container Preservative Holding Time
pH Plastic, Glass None Analyze Immediately
Turbidity Plastic, Glass Cool 4oC 48 hrs.
Solids Plastic, Glass Cool 4oC 7 days
Alkalinity Plastic, Glass Cool 4oC 14 days
Nitrate/Nitrite Plastic, Glass Cool 4
oC, H2SO4 - 
pH below 2
28 days
Ortho-P Plastic, Glass
Filter ASAP, Cool 
4oC
48 hrs.
Total-P Plastic, Glass Cool 4
oC, H2SO4 - 
pH below 2
28 days
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APPENDIX E: WATER QUALITY RAW DATA
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Table 13: Experimental Raw Data 
RBP 0.03 0.07
RBF 0.01 0.06
RBP 7.24 8.19 70 0.09 0.09 8 76 0.02
RBF 7.34 2.52 86 0.04 0.05 2 80 0.02
RBP 6.93 6.69 68 0.08 0.08 17 112 0.02
RBF 7.12 2.9 98 0.05 0.07 8 208 0.03
RBP 7.26 4.16 66 0.06 0.07 28 118 0.02
RBF 7.17 1.54 78 0.03 0.05 15 116 0.02
RBP 7.13 2.71 68 0.05 0.05 3 86 0.05
RBF 6.9 2.13 90 0.01 0.05 7 112 0.05
RBP 6.85 2.84 68 0.09 0.09 6 96 0.04
RBF 6.83 2.45 72 0.04 0.06 2 86 0.04
AP 6.52 3.32 80 0.04 0.12 5 133
AF 6.53 1.58 86 0.05 0.08 2 107
RBP 7.68 3.04 76 0.02 0.05 4 98 0.03
RBF 6.89 1.38 72 0.01 0.04 0 116
AP 5.76 12.8 12 0.06 0.13 0 232 0.03
AF 6.43 2.85 50 0.02 0.07 2 162 0.03
RBP 6.83 2.56 38 0.05 0.06 15 156 0.04
RBF 7.08 1.86 30 0.02 0.04 6 111 0.04
AP 5.97 1.44 16 0.06 0.06 0.04
AF 6.99 1.56 24 0.04 0.08
RBP 6.88 4.14 30 0.01 0.06 5 134 0.04
RBF 7.00 2.61 44 0.02 0.05 0 116 0.03
RBP 7.27 2.89 36 0.01 0.04 11 124 0.02
RBF 7.08 2.56 24 <0.01 0.04 0 134 0.03
AP 6.7 4.48 66 0.03 0.05 12 160 0.13
AF 7.52 5.5 114 0.06 0.06 15 208 0.05
RBP 6.70 2.3 32 0.01 20 142 0.07 <0.5
RBF 6.02 1.96 22 0.01 0.04 18 94 0.04 <0.5
AP 7.04 2.76 72 0.03 0.04 3 330 2.09 3.13
AF 6.54 2.26 94 0.03 0.04 5 292 1.84 2.54
RBP 0.001 0.024 0.02 <0.5
RBF <0.001 0.011 <0.005 <0.5
AP 0.007 0.031 3.87 4.493
AF 0.005 0.017 2.19 2.569
RBP 6.58 3.35 26 0.03 0.04 14 52 0.06
RBF 6.54 2.13 30 0.04 0.04 2 52 0.04
AP 6.27 4.34 92 14 206 1.05
AF 6.24 1.79 106 0 168 0.45
RBP 6.36 3.21 30 <0.01 0.03 9 46 0.02
RBF 6.76 2.87 38 0.01 0.03 12 48 0.02
AP 6.47 5.24 20 0.04 0.05 4 36 0.13 2.52
AF 6.41 5.22 28 0.05 0.05 10 10 0.14 1.20
WATER QUALITY MASTER SPREADSHEET
7/16/07
7/23/07
6/25/07
7/2/07
7/10/07
ERD 
7/10/07
5/29/07
6/5/07
6/12/07
6/19/07
4/30/07
5/7/07
5/14/07
5/21/07
TSS 
(mg/L)
TDS 
(mg/L)
NOx 
(mg/L 
N)
TN 
(mg/L 
N)
Date Sample pH Turbidity (NTU)
Alk (mg/L 
CaCO3)
OP 
(mg/L 
P)
TP 
(mg/L 
P)
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RBP 6.17 5.92 58 0.01 0.03 26 188 0.02
RBF 6.37 4.37 52 0.02 0.04 10 71 0.10 <0.5
AP 6.38 3.83 176 0.05 0.05 12 230 1.01 2.52
AF 6.41 1.74 182 0.03 0.03 8 204 0.09 0.72
RBP 6.89 3.21 50 0.02 0.05 16 40 0.01 <0.5
RBF 7.01 2.95 55 0.01 0.04 7 40 0.02
AP 7.32 5.24 107 0.06 0.06 2 208 2.37
AF 7.42 5.22 131 0.04 0.04 15 254 0.63
RBP 7.30 36 0.01 0.05 9 46 0.03 <0.5
RBF 6.68 40 0.01 0.04 5 40 0.02 <0.5
AP 6.45 108 0.05 0.05 8 148 2.52
AF 6.57 98 0.04 0.04 9 98 1.57
RBP 6.65 4.72 36 0.03 0.04 0.06 0.60
RBF 6.59 2.47 34 0.03 0.06 0.05 0.87
RBP STIR 0.1 0.14
RBF STIR 0.04 0.06
RBP 6.69 4.05 42 0.01 0.02 1.66
RBF 6.60 1.94 50 0.01 0.03 1.51
RBP 6.84 4.51 42 0.01 14 138 0.02 1.30
RBF 6.88 3.13 48 0.01 12 136 0.02 0.89
RBP 6.99 4.79 60 0.02 0.04 14 128 0.01 0.57
RBF 7.04 2.93 54 0.02 0.04 7 126 0.01 1.13
RBP 6.95 4.4 12 0.02 0.06 5 120 0.01 0.62
RBF 7.06 2.73 12 <0.01 0.05 1 122 0.01 1.26
RBP 6.84 3.4 10 0.02 0.08 3 106 0.01 1.93
RBF 7.06 2.43 14 <0.01 0.05 1 118 0.01 2.43
RBP 6.85 3.1 40 0.05 0.07 6 120 0.01 1.29
RBF 7.03 1.88 44 <0.01 0.04 2 108 0.02 1.76
RBP 6.99 2.66 36 0.01 0.03 1 104 0.01 1.34
RBF 6.68 1.96 36 <0.01 0.02 2 114 0.02 1.57
RBP 6.95 3.13 34 0.06 0.06 5 83 0.01 1.68
RBF 7.01 1.74 42 <0.01 0.02 1 88 0.03 1.40
RBP 6.98 4.14 30 0.01 0.04 5 84 0.01 0.72
RBF 7.06 2.95 38 0.01 0.02 4 54 0.02 1.10
RBP 6.83 2.15 36 0.02 0.04 13 160 0.03 3.39
RBF 6.82 1.6 42 0.02 0.04 11 159 0.04 1.74
RBP 6.85 2.28 44 0.01 0.06 6 204 0.03 0.87
RBF 6.87 2.27 42 0.01 0.06 5 124 0.03 0.83
RBP 6.98 1.94 46 0.01 0.04 6 136 0.05 1.43
RBF 6.91 1.55 46 0.01 0.04 5 145 0.05 1.31
RBP 6.89 2.06 44 0.01 0.04 6 146 0.03 1.79
RBF 6.92 1.6 42 0.01 0.04 3 126 0.04 0.95
RBP 6.80 2.47 42 0.04 0.04 5 94 0.02 2.70
RBF 6.75 1.96 42 0.01 0.04 3 92 0.02 0.70
RBP 7.70 3.1 56 0.02 0.03 6 60 0.02 1.42
RBF 7.33 1.52 60 <0.01 0.02 2 72 0.02 1.21
OP 
(mg/L 
P)
TP 
(mg/L 
P)
Sample pH Turbidity (NTU)
Alk (mg/L 
CaCO3)
TSS 
(mg/L)
TDS 
(mg/L)
NOx 
(mg/L 
N)
TN 
(mg/L 
N)
WATER QUALITY MASTER SPREADSHEET
12/14/07
10/27/07
10/29/07
10/31/07
11/30/07
10/3/07
10/6/07
10/8/07
10/21/07
9/10/07
9/18/07
9/20/07
10/2/07
8/1/07
8/7/07
8/25/07
9/1/07
7/24/07
7/30/07
Date
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RBP 6.62 3.11 32 0.04 0.13 3 84 0.02 1.48
RBF 6.67 2.08 44 0.02 0.02 3 54 0.02 0.58
RBP 0.04 0.06 0.03 <0.5
RBF 0.03 0.04 0.03 <0.5
RBP 2.35 0.02 0.03 4 1.18
RBF 1.78 0.01 0.01 1 0.81
RBP <0.01 <0.01 0.04 0.65
RBF <0.01 <0.01 0.08 <0.5
Turbidity 
(NTU)
Alk (mg/L 
CaCO3)
OP 
(mg/L 
P)
TP 
(mg/L 
P)
2/7/08
Date Sample pH
12/16/07
12/31/07
1/23/08
WATER QUALITY MASTER SPREADSHEET
TSS 
(mg/L)
TDS 
(mg/L)
NOx 
(mg/L 
N)
TN 
(mg/L 
N)
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
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APPENDIX F: WATER QUALITY ASSURANCE AND CONTROL 
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Relative Percent Difference % (RPD) = 100*
2
21
21
XX
XX
+
−
 
where  X1 = sample concentration (mg/L) 
X2 = duplicate sample concentration (mg/L) 
 
Percent Recovery (%) = 100*
3
12
S
SS −  
where  S1 = sample concentration (mg/L) 
S2 = spiked sample concentration (mg/L) 
S3 = concentration of spike added (mg/L) 
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Table 14: pH QA/QC 
DATE pH Duplicate pH RPD (%)
5/7/07 7.24 7.17 1
5/14/07 7.25 7.12 2
5/21/07 7.17 7.1 1
5/29/07 6.82 6.9 1
6/5/07 6.85 6.87 0
6/12/07 7.64 6.89 10
6/19/07 6.83 7.15 5
6/25/07 7 6.95 1
7/2/07 7.36 7.27 1
7/10/07 6.54 6.38 2
7/16/07 6.54 6.62 1
7/23/07 6.36 6.31 1
7/24/07 6.2 6.37 3
7/30/07 7.01 6.97 1
8/1/07 6.68 6.59 1
8/7/07 6.56 6.65 1
8/25/07 6.6 6.59 0
9/1/07 6.84 6.91 1
9/10/07 7.04 7.07 0
9/18/07 6.95 6.99 1
9/20/07 6.97 7.06 1
10/2/07 6.85 6.96 2
10/3/07 6.6 6.68 1
10/6/07 6.96 7.01 1
10/8/07 6.98 6.91 1
10/21/07 6.79 6.82 0
10/27/07 6.85 6.95 1
10/29/07 6.91 6.83 1
10/31/07 6.89 6.96 1
11/30/07 6.8 6.89 1
12/14/07 7.3 7.33 0  
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Table 15: Alkalinity QA/QC 
5/7/07 70 66 6
5/14/07 98 94 4
5/21/07 78 74 5
5/29/07 82 90 9
6/5/07 68 72 6
6/12/07 68 72 6
6/19/07 38 44 15
6/25/07 44 36 20
7/2/07 44 36 20
7/10/07 94 80 16
7/16/07 30 32 6
7/23/07 30 36 18
7/24/07 56 52 7
7/30/07 46 64 33
8/1/07 40 36 11
8/7/07 36 34 6
8/25/07 46 50 8
9/1/07 42 48 13
9/10/07 54 46 16
9/18/07 12 10 18
9/20/07 14 14 0
10/2/07 40 40 0
10/3/07 36 36 0
10/6/07 40 42 5
10/8/07 30 36 18
10/21/07 42 42 0
10/27/07 48 44 9
10/29/07 46 44 4
10/31/07 44 48 9
11/30/07 42 46 9
12/14/07 56 60 7
Dup. Alk (mg/L as 
CaCO3) RPD (%)DATE
Alkalinity (mg/L as 
CaCO3)
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Table 16: Turbidity QA/QC 
5/7/07 8.19 7.89 4
5/14/07 3.01 2.9 4
5/21/07 1.54 1.62 5
5/29/07 2.37 2.13 11
6/5/07 2.84 2.67 6
6/12/07 1.36 1.38 1
6/19/07 2.56 2.6 2
6/25/07 2.61 3.19 20
7/2/07 2.51 2.89 14
7/10/07 2.26 2.21 2
7/16/07 2.13 2.32 9
7/23/07 3.21 2.95 8
7/24/07 4.54 4.37 4
7/30/07 2.95 2.87 3
8/1/07 - - -
8/7/07 4.72 4.42 7
8/25/07 1.94 2.23 14
9/1/07 4.51 4.07 10
9/10/07 3.02 2.93 3
9/18/07 4.4 4.36 1
9/20/07 2.48 2.43 2
10/2/07 2.76 3.1 12
10/3/07 1.96 2.16 10
10/6/07 1.74 1.86 7
10/8/07 4.14 3.4 20
10/21/07 1.9 1.6 17
10/27/07 2.28 2.34 3
10/29/07 1.55 1.61 4
10/31/07 2.06 2.04 1
11/30/07 2.44 2.47 1
12/14/07 1.8 1.52 17
12/16/07 2.32 1.84 23
12/31/07 1.78 2.06 15
Dup. Turb. 
(NTU) RPD (%)
Turbidity 
(NTU)DATE
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Table 17: Ortho-P QA/QC 
4/30/07 0.05 0.06 18 0.03 0.18 97
5/7/07 0.04 0.04 0 0.04 0.42 76
5/14/07 0.09 0.08 12 0.02 0.21 119
5/21/07 0.06 0.05 18 0.03 0.19 98
5/29/07 0.01 0.01 0 0.05 0.19 85
6/5/07 0.08 0.09 12 0.04 0.2 98
6/12/07 0.01 0.01 0 0.02 0.19 105
6/19/07 0.05 0.04 22 0.02 0.17 93
6/25/07 0.02 0.02 0 0.01 0.16 91
7/2/07 0.01 0.01 0 <0.01 0.19 113
7/10/07 0.04 0.03 29 0.03 0.17 86
7/16/07 0.04 0.04 0 0.03 0.19 96
7/23/07 0 0 0 0.01 0.17 100
7/24/07 0.02 0.02 0 0.01 0.17 100
7/30/07 0.02 0.02 0 0.01 0.09 91
8/1/07 0.01 0.01 0 0.01 0.09 100
8/7/07 0.03 0.03 0 0.03 0.1 95
8/25/07 0.01 0.01 0 0.01 0.08 96
9/1/07 0.01 0.01 0 0.01 0.09 104
9/10/07 0.02 0.02 0 0.02 0.11 113
9/18/07 0.02 0.02 0 <0.01 0.09 107
9/20/07 0.02 0.02 0 <0.01 0.09 108
10/2/07 0.05 0.04 22 <0.01 0.09 110
10/3/07 0 0 0 0.01 0.08 90
10/6/07 0 0.01 200 0.06 0.14 93
10/8/07 0 0.01 200 0.01 0.08 92
10/21/07 0.02 0.02 0 0.02 0.1 98
10/27/07 0.01 0.01 0 0.01 0.08 88
10/29/07 0.01 0.01 0 0.01 0.09 98
10/31/07 0.01 0.01 0 0.01 0.1 115
11/30/07 0.04 0.04 0 0.01 0.08 90
12/14/07 0.02 0.02 0 <0.01 0.08 91
12/16/07 0.02 0.03 40 0.04 0.12 93
12/31/07 0.55 0.57 4 0.38 0.48 113
1/23/08 0.02 0.02 0 0.01 0.08 87
2/7/08 0.83 0.83 0 0.84 0.92 97
Conc. (mg/L 
as P)
Spike Conc. 
(mg/L as P)
Recovery 
(%)DATE
Conc. (mg/L 
as P)
Dup. Conc. 
(mg/L as P) RPD (%)
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Table 18: Total-P QA/QC 
4/30/07 0.12 0.13 8 0.1 0.25 91
5/7/07 0.04 0.06 40 0.09 0.3 84
5/14/07 0.11 0.1 10 0.1 0.26 97
5/21/07 0.07 0.06 15 0.05 0.22 104
5/29/07 0.05 0.05 0 0.05 0.22 99
6/5/07 0.08 0.1 22 0.06 0.21 91
6/12/07 0.04 0.03 29 0.05 0.23 107
6/19/07 0.06 0.05 18 0.04 0.24 119
6/25/07 0.05 0.04 22 0.06 0.24 111
7/2/07 0.04 0.04 0 0.04 0.21 107
7/10/07 0.05 0.04 22 0.04 0.21 106
7/16/07 0.03 0.04 29 0.04 0.24 120
7/23/07 0.03 0.03 0 0.03 0.22 115
7/24/07 0.04 0.04 0 0.03 0.22 114
7/30/07 0.05 0.05 0 0.04 0.12 99
8/1/07 0.04 0.04 0 0.05 0.14 114
8/7/07 0.03 0.04 29 0.06 0.14 101
8/25/07 0.13 0.32 84 0.06 0.13 87
9/1/07 1.38 2.47 57 0.02 0.27 306
9/10/07 0.04 0.04 0 0.04 0.14 112
9/18/07 0.05 0.05 0 0.06 0.14 92
9/20/07 0.08 0.08 0 0.05 0.15 116
10/2/07 0.06 0.07 15 0.04 0.13 113
10/3/07 0.02 0.02 0 0.03 0.12 111
10/6/07 0.02 0.02 0 0.06 0.13 96
10/8/07 0.04 0.04 0 0.02 0.12 119
10/21/07 0.04 0.04 0 0.04 0.13 108
10/27/07 0.05 0.06 18 0.06 0.14 101
10/29/07 0.04 0.03 29 0.04 0.12 100
10/31/07 0.04 0.04 0 0.04 0.11 85
11/30/07 0.04 0.04 0 0.04 0.11 86
12/14/07 0.02 0.03 40 0.02 0.09 92
12/16/07 0.14 0.12 15 0.02 0.12 119
12/31/07 0.11 0.1 10 0.42 0.51 113
1/23/08 0.03 0.03 0 0.01 0.1 118
2/7/08 1.14 1.2 5 0.87 0.97 116
Spike Conc. 
(mg/L as P)
Recovery 
(%)DATE
Conc. (mg/L 
as P)
Dup. Conc. 
(mg/L as P) RPD (%)
Conc. (mg/L 
as P)
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Table 19: NOx (Nitrite + Nitrate) QA/QC 
5/7/07 0.02 0.02 11 0.02 0.20 89
5/14/07 0.03 0.02 8 0.03 0.25 114
5/21/07 0.02 0.03 8 0.02 0.02 13
5/29/07 0.05 0.05 4 0.05 0.16 116
6/5/07 0.04 0.04 0 0.04 0.35 62
6/12/07 0.16 0.17 6 0.04 0.03 12
6/19/07 0.04 0.05 5 0.04 0.09 104
6/25/07 0.03 0.03 6 0.04 0.06 18
7/2/07 0.03 0.02 13 0.13 0.24 108
7/10/07 0.06 0.04 26 0.06 0.15 89
7/16/07 0.04 0.03 22 0.06 0.17 102
7/23/07 0.02 0.02 13 0.02 0.10 84
7/24/07 0.10 0.10 2 0.02 0.11 94
7/30/07 0.01 0.01 0 0.02 0.11 97
8/1/07 0.02 0.02 17 0.03 0.21 87
8/7/07 0.05 0.07 22 0.05 0.17 117
8/25/07 0.03 0.04 12 0.02 0.11 88
9/1/07 0.02 0.02 0 0.02 0.04 25
9/10/07 0.01 0.01 0 0.01 0.10 89
9/18/07 0.01 0.01 9 0.01 0.06 90
9/20/07 0.01 0.01 0 0.01 0.04 15
10/2/07 0.01 0.01 0 0.02 0.10 82
10/3/07 0.02 0.02 6 0.06 0.01 95
10/6/07 0.03 0.03 18 0.01 0.14 43
10/8/07 0.01 0.01 15 0.02 0.15 122
10/21/07 0.04 0.04 5 0.04 0.12 81
10/27/07 0.02 0.03 4 0.02 0.11 90
10/29/07 0.05 0.05 2 0.05 0.09 88
10/31/07 0.03 0.03 11 0.04 0.15 108
11/30/07 0.02 0.02 11 0.02 0.08 114
12/14/07 0.02 0.02 6 0.02 0.20 93
12/16/07 0.02 0.02 0 0.02 0.18 81
12/31/07 0.18 0.20 12 0.03 0.24 106
2/7/08 0.16 0.14 18 0.14 0.25 93
DATE Conc. (mg/L as N)
Dup. Conc. 
(mg/L as N) RPD (%) Recovery (%)
Conc. (mg/L 
as N)
Spike Conc. 
(mg/L as N)
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Table 20: Total-N QA/QC 
7/23/07
7/24/07
7/30/07
8/1/07
8/7/07
8/25/07
9/1/07 1.27 1.32 4
9/10/07 0.67 0.73 9
9/18/07
9/20/07
10/2/07
10/3/07
10/6/07
10/8/07
10/21/07 1.59 1.89 17 3.39 5.58 109
10/27/07
10/29/07
10/31/07
11/30/07 0.65 0.76 16 2.7 4.75 103
12/14/07 1.32 1.51 13 1.21 2.89 84
12/16/07 0.52 0.63 19 1.48 3.09 81
12/31/07 40.76 39.92 2 0.39 5.06 93
1/23/08 0.86 0.76 12 1.18 4.59 114
2/7/08 15.45 14.97 3 6.93 12.25 106
3.51 86
3
8
4.08
2.89 75
87
0.79 0.95 17 1.79
15 0.62
1.85
1.75 1.61
1.9
1.4
2.35
3.03 120
0.093 0.087 7
0.94 0.79 17
2.83 2.43
Conc. (mg/L 
as N)
Spike Conc. 
(mg/L as N)
Recovery 
(%)DATE
Conc. (mg/L 
as N)
Dup. Conc. 
(mg/L as N) RPD (%)
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Table 21: TSS QA/QC 
DATE Conc. (mg/L) Dup. Conc (mg/L) RPD (%)
5/7/07 7 9 25
5/14/07 2 6 100
5/21/07 13 16 21
5/29/07 2 4 67
6/5/07 2 2 0
6/12/07 5 3 50
6/19/07 5 7 33
6/25/07 5 5 0
7/2/07 12 10 18
7/10/07 7 5 33
7/16/07 0 4 200
7/23/07 16 2 156
7/24/07 11 9 20
7/30/07 8 7 13
8/1/07 5 6 18
8/7/07 5 4 22
8/25/07 4 0 200
9/1/07 14 14 0
9/10/07 8 7 13
9/18/07 5 4 22
9/20/07 1 1 0
10/2/07 5 6 18
10/3/07 4 2 67
10/6/07 0 5 200
10/8/07 5 4 22
10/21/07 11 13 17
10/27/07 5 6 18
10/29/07 6 7 15
10/31/07 6 5 18
11/30/07 3 4 29
12/14/07 5 6 18
12/16/07 3 3 0
1/23/08 4 4 0  
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Table 22: TDS QA/QC 
DATE Conc. (mg/L) Dup. Conc (mg/L) RPD (%)
5/7/07 70 82 16
5/14/07 250 292 15
5/21/07 110 122 10
5/29/07 80 92 14
6/5/07 82 90 9
6/12/07 106 90 16
6/19/07 118 104 13
6/25/07 128 134 5
7/2/07 125 122 2
7/10/07 268 316 16
7/16/07 56 48 15
7/23/07 46 46 0
7/24/07 76 66 14
7/30/07 42 38 10
8/1/07 44 40 10
8/7/07 - - -
8/25/07 - - -
9/1/07 152 124 20
9/10/07 126 128 2
9/18/07 114 126 10
9/20/07 112 124 10
10/2/07 120 110 9
10/3/07 104 114 9
10/6/07 90 76 17
10/8/07 94 74 24
10/21/07 152 166 9
10/27/07 114 134 16
10/29/07 124 136 9
10/31/07 124 126 2
11/30/07 94 90 4
12/14/07 72 82 13
12/16/07 92 76 19  
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APPENDIX G: WATER QUALITY HYPOTHESIS TESTS 
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Table 23: pH Hypothesis Test 
pH
RBP RBF AP AF
pH Avg 6.94 6.87 6.49 6.71
pH St.Dev 0.285 0.286 0.460 0.447
n 32 32 10 10
Variance 0.081 0.082 0.211 0.200
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
Ho : Mean pH from CUFS = Mean pH from pond
95% Confidence Interval
0.081 0.206
62 18
0.92 1.08
A A
1.96 2.101
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
 
 
 
 
 
 
Table 24: Alkalinity Hypothesis Test 
Alkalinity
RBP RBF AP AF
Alk Avg 44 47 75 91
Alk St.Dev 18.41 31.97 48.88 48.14
n 32 32 10 10
Variance 271.512 411.580 2576.989 2317.344
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
95% Confidence Interval
Ho : Mean alkalinity from CUFS = Mean alkalinity from pond
341.546 2447.167
62 18
0.710 0.741
1.96 2.101
A A
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
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Table 25: Turbidity Hypothesis Test 
Turbidity
RBP RBF AP AF
Turb. Avg. 3.55 2.29 4.83 3.08
Turb. St.Dev 1.39 0.66 3.23 1.72
n 32 32 9 9
Variance 1.943 0.430 10.410 2.970
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
95% Confidence Interval
Ho : Mean turbidity from CUFS = Mean turbidity from pond
1.187 6.690
62 16
4.621 1.433
1.96 2.12
R A
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
 
 
 
 
 
 
Table 26: TSS Hypothesis Test 
TSS
RBP RBF AP AF
TSS Avg. 9 5 7 9
TSS St.Dev 6.77 4.74 4.54 4.54
n 31 31 9 9
Variance 45.9 22.5 24.5 31.4
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
95% Confidence Interval
Ho : Mean TSS from CUFS = Mean TSS from pond
34.2 28.0
60 16
2.936 0.862
1.96 2.12
R A
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
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Table 27: TDS Hypothesis Test 
TDS
RBP RBF AP AF
TDS Avg. 109 102 183 171
TDS St.Dev 40.72 38.25 81.42 87.06
n 30 30 9 9
Variance 1658 1463 6629 7580
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
95% Confidence Interval
Ho : Mean TDS from CUFS = Mean TDS from pond
0.716 0.288
1.96 2.12
1561 7104
58 16
A A
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
 
 
 
 
 
 
Table 28: OP Hypothesis Test 
Ortho-P
RBP RBF AP AF
OP Avg. 0.028 0.015 0.048 0.037
OP St. Dev 0.024 0.012 0.024 0.015
n 37 37 11 11
Variance 0.00057 0.00015 0.00056 0.00023
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
R A
0.00036 0.00040
72 20
2.827 1.308
1.96 2.086
95% Confidence Interval
Ho : Mean OP from CUFS = Mean OP from pond
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
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Table 29: TP Hypothesis Test 
Total-P
RBP RBF AP AF
TP Avg. 0.052 0.039 0.071 0.052
TP St. Dev 0.024 0.015 0.039 0.020
n 34 35 11 11
Variance 0.00056 0.00024 0.00152 0.00042
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
R A
0.00040 0.00097
67 20
2.763 1.466
1.96 2.086
95% Confidence Interval
Ho : Mean TP from CUFS = Mean TP from pond
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
 
 
 
 
 
 
Table 30: NOx (Nitrite + Nitrate) Hypothesis Test 
NOx
RBP RBF AP AF
NOx Avg. 0.03 0.03 1.04 0.68
NOx St. Dev 0.02 0.02 1.35 0.93
n 34 33 7 6
Variance 0.00025 0.00035 1.82831 0.85590
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
95% Confidence Interval
Ho : Mean NOx from CUFS = Mean NOx from pond
0.00030 1.38631
65 11
0.642 0.553
1.96 2.201
A A
 
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS 
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Table 31: TN Hypothesis Test 
TN
RBP RBF AP AF
TN Avg. 1.11 0.92 2.93 1.54
TN St. Dev 0.86 0.66 0.81 0.86
n 24 24 6 6
Variance 0.741 0.438 0.660 0.735
Pooled Var.
v
tcalc
t0.025 (95% CI)
Ho (95% CI)
R = Reject null hypothesis
A = Fail to reject null hypothesis
95% Confidence Interval
Ho : Mean TN from CUFS = Mean TN from pond
0.590 0.698
46 10
0.854 2.877
1.96 2.228
A R
  
*RBP = Red Bug Pond, RBF = Red Bug CUFS, AP = Arboretum Pond, AF = Arboretum CUFS
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Table 32: Sampling Notes 
>24
12-18
12-18
18-24
6-12
0-6
>24
18-24
18-24
>24
7/10/07 No rain, samples taken to compare to ERD values.
7/16/07 0.25" of rain on 7/15 at Red Bug pond.  
>24
18-24
18-24
12-18
0-6
7/2/07
0.2" of rain at RB on 7/1.  Fabric installed around both skimmers to prevent 
algae and smaller floating debris from entering filters.  Arboretum filter 
unclogged with bleach.
7/23/07
1.5" and 1.7" of rain on 7/21* and 7/22*.  Arboretum pond exceeded the banks 
and filter top was under a foot of water.  Arboretum sample was taken after the 
water level recessed.
7/24/07
Low flow through pond and Red Bug filter outlet.  Filter stops discharging water 
when the outlet from the pond stops (installation and functional calculations 
correct)
5/21/07
6/5/07
TS Barry on 6/1-6/2.  0.4" of rain on 6/4*.  Rain gage installed on site next to the 
Red Bug filter box.  Solids data may increase in the filter because of dirt coming 
in through the top of the filter.
5/29/07 Low flow through pond and Red Bug filter outlet.
6/25/07 New rain gage installed at Red Bug site.  Arboretum filter clogged with excessive amounts of algae in pond.  3" of rain on 6/24
6/12/07 1.0" of rain on 6/11.  Fabric put over top of both filter tops to prevent dirt from entering-held down with concrete blocks
6/19/07
Red Bug rain gage destroyed by lawnmower.  Hose clamp installed at RB 
around 6" clearout pipe because glue pulled  0.2" of rain* today stopped at 5 PM. 
Sample taken at 8 PM.  Arboretum filter experiencing unusually low flow.
5/14/07 1.95" of rain on 5/13*.  Rocks removed and extra galvanized metal supports added above Red Bug filter to prevent tearing of fabric
4/30/07 First sample through Red Bug filter
5/7/07 1.6" of rain on 5/6*.  Rocks and concrete bricks added above fabric to prevent Red Bug filter from pulling up
0.25" of rain at RB on 7/23
7/30/07 1" of rain at RB on 7/29.  Arboretum pond flooded again.
Date Notes Time between rain and sample (hr)
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Time between rain 
and sample (hr)
1/23/08 1.0" of rain this morning.  Flow measurement also taken 6-12
12/16/07 0.4" of rain this morning from a cold front, sample collected in late afternoon 6-12
12/31/07 No rain, sample taken before and after addition of fertilizer.  Flow measurement also taken >24
12/14/07 no rain >24
11/30/07 0.6" of rain, rain 7:45PM-9:15PM on 11/29, sample taken at 8:00 AM on 11/30
0-6
0-6
6-12
12-18
18-24
18-24
6-12
12-18
12-18
6-12
18-24
>24
12-18
12-18
6-12
10/29/07 0.4" of rain, sample taken at 9:00 PM
10/8/07 0.5" of rain on 10/7/07, Sample collected at 11 am on 10/8, rain stopped at 4:15 pm according to USGS gage
0.6" of rain on 10/5/07, Sample collected at 10 am on 10/6.  Last of rain stopped 
at 9 pm according to USGS gage
10/21/07
6-12
10/31/07 0.6" of rain, sample taken at 8:00 PM
0.2" of rain on 9/17, also wanted a sample before tropical storm
10/2/07 2.3" of rain from 10/1 thru morning of 10/2.
10/3/07 0.4" of rain on 10/2 after the sample of 10/2/07 was taken
10/6/07
9/20/07 1.75" of rain on 9/19 throughout the day from INVEST 93L storm  Sample taken nearly 18 hours after the largest rainfall, according to USGS gage
9/10/07 0.4" of rain on 9/9
9/18/07
8/1/07 Last sample taken at Arboretum site until dam situation is fixed.  0.75" of rain on 7/31 at RB.
Date Notes
No rain, bottom of RB pond intentionally stirred up by walking around in waders. 
Samples taken before and after stirring (10 mins. after stirring completed in 
pond)  Low flow thru filter and pond.
8/25/07 0.75" of rain on 8/24
9/1/07 1.80" of rain on 8/31
2/7/08 No rain, sample taken before and after addition of fertilizer.  Flow measurement also taken >24
0.4" of rain on 10/20/07
10/27/07 1.25" of rain, sample taken at 12:30 AM
8/7/07
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